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TESTS  ON  A  RECENT  TYPE  OF  CHAIN 
GRATE  STOKER  AND  NEW  METHOD  OF 
BAFFLING  STIRLING  BOILERS 


By  John  A.  Hunter.* 

At  the  Yandergrift  Works  of  the  American  Sheet  &  Tin 
Plate  Company  an  installation  has  been  made  of  a  comparatively 
new  type  of  chain  grate  stokers,  and  of  Stirling  boilers  with  a 
new  method  of  baffling.  Tests  of  one  of  these  units  showed  such 
high  efficiencies  that  it  was  thought  the  results  would  be  of  gen¬ 
eral  interest.  Before  stating  any  results  of  the  tests  a  brief 
description  of  the  installation  will  be  given  and  new  features 
pointed  out. 

The  installation  consists  of  seven  Class  M-22  Stirling  boilers 
nominally  rated  at  COO  h.  p.,  containing  6032  sq.  ft.  of  water 
heating  surface  and  396  sq.  ft.  of  superheating  surface.  An 
individual  unlined  steel  stack  72  in.  diameter  and  150  ft.  in 
height  above  the  breeching  produces  the  draft. 

Each  boiler  is  provided  with  one  type  “L”  Green  Engineering 
Company  stoker,  10  ft.  6  in.  wide  by  12  ft.  long,  containing  126 
sq.  ft.  of  chain  surface. 

The  boilers  are  equipped  with  soot  blowers  having  stationary 
and  rotary  nozzles  located  at  the  point  shown  on  Fig.  1,  which 
also  shows  the  general  arrangement  of  the  equipment. 

The  water-back,  designed  by  the  Babcock  &  Wilcox  Com¬ 
pany,  is  to  be  noted  as  differing  from  the  ordinary  water-back 
in  that  it  has  two  separate  water  boxes  placed  one  directly  over 
the  other  and  each  is  connected  to  the  mud  drum  and  front  steam 
drum,  thereby  insuring  positive  circulation  through  each  box. 

Tests  were  undertaken  primarily  to  determine  if  the  guaran¬ 
tees  made  by  the  Green  Engineering  Company  for  the  stokers 
could  be  met.  These  guarantees  were  a  combined  efficiency  of 
boilers  and  grate  of  74  percent  when  the  boiler  was  operated  at 

Presented  before  the  Mechanical  Section,  February  2,  and  published 
m  the  February,  1915,  Proceedings. 

„  *steam  Engineer,  American  Sheet  and  Tin  Plate  Company,  Frick 
Building,  Pittsburgh. 
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some  rating  between  125  percent  and  175  percent  of  rated  capac¬ 
ity,  and  also  an  overload  capacity  of  100  percent. 

Tests  Nos.  180  and  181  were  made  in  connection  with  the 
Green  Engineering  Company ;  i.  e.,  their  representative  operated 
the  stoker.  Whereas  these  tests  practically  met  the  guarantee  as 
far  as  overload  capacity  was  concerned,  the  efficiencies  obtained 
were  below  the  guarantee.  During  these  tests  the  baffles  were 
arranged  as  shown  in  dotted  lines  on  the  drawing,  Fig.  1,  and 
the  opening  at  the  ends  of  the  baffles  were  according  to  the 
dimensions  in  the  circle.  In  place  of  the  pressure  water-back 
there  was  a  single  pipe  supplied  with  low  pressure  water. 

As  the  first  tests  indicated  that  the  guaranteed  efficiencies 
were  not  being  met  the  tests  were  stopped  in  order  to  make 
changes  in  the  stokers.  During  this  interval  the  engineers  of  the 
Babcock  &  Wilcox  Company  became  interested  in  the  installation 
and  tests  and  expressed  a  desire  to  co-operate  with  us  in  making 
tests  in  order  that  their  company  might  obtain  further  information 
on  boiler  performance  with  this  baffling  arrangement. 

The  baffles  were  changed  as  shown  in  solid  lines,  on  the 
drawing,  and  the  special  water  box  described  above  was  installed. 
During  the  rest  of  the  tests  there  was  a  representative  of  the 
Green  Engineering  Company  present,  but  the  stoker  was  operated 
under  the  direction  of  the  Babcock  &  Wilcox  Company  engineers. 
All  tests  were  conducted  according  to  the  Code  of  the  American 
Society  of  Mechanical  Engineers. 

The  coal  was  taken  from  the  distributing  crane  to  a  box 
placed  on  a  pair  of  scales.  The  scales  were  located  on  a  platform 
built  up  level  with  the  top  of  the  stoker  hopper.  Each  box  of 
coal  was  weighed  and  dumped  into  the  stoker  hopper.  The  coal 
was  weighed  and  fired  wet.  It  was  wet  as  it  was  taken  from  the 
bin  into  the  elevator  of  the  distributing  crane.  The  sampling  was 
done  in  the  following  manner:  From  each  box  a  small  amount 
was  taken  and  placed  in  a  canvas  bag  and  at  the  end  of  each  hour 
the  entire  sample,  about  six  pounds,  was  accurately  weighed  and 
put  on  top  of  the  boiler  to  dry,  so  that  the  surface  moisture  could 
be  determined.  At  the  end  of  each  test  these  hourly  coal  samples 
were  combined  to  give  a  coal  sample  for  about  a  twelve-hour 
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period.  The  droppings  through  the  chain  were  reclaimed  and 
refired  once  every  hour. 

The  ashes  were  taken  from  the  ash  pit  about  every  three 
hours.  They  were  carefully  weighed  and  sampled  each  time.  A 
combined  sample  of  the  ashes  was  made  up  covering  the  same 
period  as  the  coal  sample.  All  coal  and  ash  samples  were  analyzed 
in  the  laboratory  of  the  American  Sheet  &  Tin  Plate  Company. 

The  water  was  weighed  in  a  tank  which  was  so  elevated 
that  the  water  flowed  into  another  tank  on  the  boiler  house  floor, 
from  which  it  was  pumped  into  the  boiler.  The  blow-oft  valves 
were  blanked.  There  was  a  tell-tale  valve  placed  in  the  feed  line 
in  the  usual  manner  to  indicate  leakage.  The  tell-tale  was  kept 
open  at  all  times  so  that  there  was  no  possibility  of  an  error  in 
the  amount  of  water  evaporated. 

The  flue  gas  temperature  and  sample  for  analysis  was  taken 
at  the  same  points.  For  measuring  the  temperature  of  the  flue 
gas  three  mercurial  thermometers  were  used.  The  flue  gas  samples 
were  drawn  through  three  separate  pipes  from  three  points  equally 
spaced  across  the  breeching  into  a  single  pipe  by  means  of  an 
aspirator.  By  this  means  it  is  thought  that  a  fair  sample  of  gas 
was  obtained.  The  flue  gas  was  kept  flowing  all  the  time  and  a 
sample  was  taken  every  fifteen  minutes  to  be  analyzed  in  an 
Orsat  Apparatus. 

All  readings  of  temperature,  pressures,  drafts,  etc.,  were 
taken  every  fifteen  minutes. 

The  method  of  starting  the  tests  was  as  follows :  Weights 
of  water  and  coal  and  all  the  other  data  were  started  in  the  regu- 
lar  manner  as  soon  as  the  testing  gang  arrived.  The  height  of 
the  water  in  the  suction  tank  and  the  boiler  gauge  glass  were 
carefully  noted.  The  -records  of  the  weights  of  the  coal  were 
started  with  the  stoker  hopper  full  and  scraped  over  level.  At  the 
end  of  each  hour  the  same  conditions  of  water  and  coal  levels  were 
brought  about.  By  this  method  the  exact  weights  of  coal  and 
water  for  each  hour  were  obtained.  As  this  boiler  was  connected 
into  the  main  header  on  which  the  load  was  very  variable,  it  was 
not  always  possible  to  keep  the  water  level  in  the  gauge  glass 
constant,  although  there  was  an  attendant  for  the  operation  of  the 
feed  pump.  The  stoker  operator  immediately  took  charge  of  the 
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stoker  and  as  soon  as  uniform  conditions,  under  which  the  test 
was  to  be  conducted,  were  obtained  the  test  was  started  at  the 
end  of  this  hourly  period. 

A  sufficient  time  was  allowed  between  all  tests  to  establish 
uniform  conditions  under  which  the  next  test  was  to  be  conducted. 

All  scales  were  tested  daily.  All  thermometers,  gauges,  etc., 
were  calibrated  and  corrections  made  when  necessary. 

After  making  tests  Nos.  180,  181  and  182  it  was  decided  to 
put  on  two  gangs  in  order  to  make  the  tests  of  longer  duration 
and  thus  avoid  the  possibilities  of  error  due  to  the  amount  of  fuel 
on  the  stoker  at  the  start  and  finish  of  the  tests. 

For  tests  Nos.  180-182  the  gate  was  about  6^4  m-  above  the 
pusher  and  in  tests  Nos.  183-189  the  gate  was  about  7*4  in.  above 
the  pusher.  On  test  No.  182,  the  first  test  made  in  connection 
with  the  Babcock  &  Wilcox  Company,  about  the  same  efficiency 
was  obtained  as  in  the  previous  tests.  After  this  test  a  change 
was  made  in  the  manner  of  operating  the  stoker,  which  has  been 
designated  as  the  “Slow  Chain”  method  of  operation  to  dis¬ 
tinguish  it  from  the  old  method,  which  is  called  “Fast  Chain.” 
The  “Slow  Chain”  operation  was  used  on  the  rest  of  the  tests. 

Referring  to  the  diagram  Fig.  2,  the  area  under  the  dotted 
line  shows  the  character  of  the  fuel  bed  with  the  “Fast  Chain” 
method  of  operation.  It  is  to  be  noted  that  the  depth  of  the  fuel 
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bed  is  about  the  same  over  the  entire  grate  except  near  the  water- 
back  where  it  is  piled  up.  The  character  of  the  fuel  bed  with  the 
“Slow  Chain”  method  of  operation  is  shown  by  the  solid  line  on 
the  diagram.  It  is  to  be  observed  that  the  fuel  bed  is  quite  deep 
on  the  front  part  of  the  stoker  and  that  it  gradually  thins  down 
until  it  is  about  the  same  depth  as  the  fuel  bed  with  the  “Fast 
Chain”  operation  at  a  point  about  three  feet  ahead  of  the  water- 
back.  It  is  also  piled  up  on  the  water-back  as  shown.  By  main¬ 
taining  this  kind  of  a  fuel  bed  it  was  expected  that  the  combustible 
in  the  ash  would  be  reduced  and  that  the  smoke,  of  which  there 
was  quite  an  amount  with  “Fast  Chain”  operation,  would  also  be 
reduced.  As  this  method  of  operation  of  chain  grates  is  one  of  the 
most  noteworthy  developments  of  the  tests,  it  will  be  explained 
further.  With  the  “Fast  Chain”  method  the  distillation  of  the 
volatile  gas  of  the  coal  takes  place  very  rapidly  and  a  large  portion 
of  it  passes  off  in  the  flue  gas  unburned,  as  is  evidenced  by  the 
amount  of  smoke  observed.  The  coal  does  not  remain  on  the 
grate  a  sufficient  length  of  time  to  have  its  carbon  content  com¬ 
pletely  burned.  With  the  “Slow  Chain”  method  the  distillation 
of  the  volatile  gas  takes  place  quite  slowly.  All  this  gas  is  driven 
off  by  the  time  the  thin  portion  of  the  fire  is  reached.  As  there 
was  practically  no  smoke,  except  at  very  low  ratings,  it  is  thought 
that  practically  all  the  volatile  gas  was  burned.  The  thin  portion 
of  the  fire  allows  an  excess  of  air  to  be  drawn  through  the  fuel 
bed  at  this  point,  which  completes  the  combustion  of  the  carbon. 

In  the  appendix  in  Table  Nos.  1  to  3  are  given  the  principle 
observed  and  derived  results  of  the  tests.  From  these  tables  it  is 
seen  that  efficiencies  from  67.7  to  79.8  percent  and  capacities  from 
74  to  195  percent  of  rating  were  obtained. 

Referring  to  Table  No.  1,  under  the  heading  “Percent  Com¬ 
bustible  in  Ash,”  it  will  be  seen  that  the  quality  of  the  ash  with 
the  “Slow  Chain”  method  of  operation  is  considerably  improved. 
The  average  percent  of  combustible  for  all  tests  conducted  with 
“Slow  Chain”  operation  is  23.5  percent  and  for  tests  with  “Fast 
Chain”  operation  37.5  percent. 

In  Table  No.  3  is  shown  the  proximate  and  ultimate  analyses 
of  the  coal  used  in  the  tests.  All  the  coal  used  was  from  the 
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upper  Freeport  vein  and  was  mined  by  the  Pine  Run  Coal 
Company. 

The  flue  gas  temperatures  obtained  in  tests  Nos.  180,  181  and 
182,  as  shown  in  Table  No.  5,  illustrate  the  relative  merit  of  the 
two  methods  of  baffling. 

In  Table  No.  2  is  shown  a  heat  balance  based  on  the  heating 
value  of  the  dry  coal.  The  loss  to  “Carbon  in  the  Ash”  is  much 
greater  in  the  first  three  tests  than  in  the  others.  The  reduction 
of  this  loss  is  due  to  the  “Slow  Chain”  operation.  A  noteworthy 
item  is  the  loss  due  to  “Radiation,  Etc.”  This  varies  from  2.35  to 
5.70  percent,  with  an  average  of  4.00  percent  for  all  the  tests. 
The  uniformity  of  these  results  would  tend  to  indicate  that  no 
appreciable  error  had  been  made  in  taking  the  data. 

A  curve,  Fig.  3,  has  been  plotted  showing  the  relation  be¬ 
tween  percent  of  boiler  rating  and  combined  boiler  and  furnace 
efficiency.  The  curve  shown  in  solid  line  refers  to  the  actual 
efficiencies  obtained  from  all  the  tests.  The  points  below  150 
percent  capacity  are  for  tests  run  with  the  “Slow  Chain”  method 


Pig.  3. 


of  operation ;  the  points  above  150  percent  capacity  are  with  the 
“Fast  Chain”  method.  For  this  particular  installation  with  the 
draft  available  the  solid  curve  represents  the  capacities  and  effici¬ 
encies  which  can  be  obtained.  About  150  percent  of  rated  capacity 
is  the  maximum  which  can  be  obtained  from  this  boiler  with  the 
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“Slow  Chain”  method  of  operation,  so  that  when  capacities  above 
150  percent  are  desired  it  is  necessary  to  increase  the  chain  speed 
and  change  the  operation  to  approach  the  “Fast  Chain”  method. 
It  is  thought  that  with  sufficient  draft  the  curve  would  have  fol¬ 
lowed  the  upper  dotted  line.  The  lower  dotted  line  represents 
the  efficiency  which  can  be  obtained  with  the  “Fast  Chain”  method 
of  operation.  The  dotted  lines  are  parallel  and  the  difference  be¬ 
tween  them  represents  the  difference  in  efficiency  which  is  obtain¬ 
able  by  the  two  methods  of  operation. 

By  taking  indicator  cards  from  the  engine  driving  the  stoker 
it  was  found  that  it  required  an  average  of  0.72  i.  h.  p.  to  operate 
the  stoker.  Allowing  80  pounds  steam  per  i.  h.  p.  hour  the  fol¬ 
lowing  percentages  of  steam  generated  are  required  for  the 
operation  of  the  stoker :  At  100  percent  rating,  0.35  percent ;  at 
150  percent  rating,  0.23  percent,  and  at  200  percent  rating,  0.17 
percent.  These  quantities  are  so  small  that  for  all  practical  pur¬ 
poses  the  efficiencies  obtained  can  be  considered  as  net  efficiencies. 


[See  Appendix,  page  8.] 
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APPENDIX 


Table  1.  RESUME  OF  PRINCIPAL  RESULTS. 


Test 

No. 

Length 

Hrs. 

Per  Cent. 
Rating 

B.T.U. 
in  Coal 

Per  Cent. 

Ash  in 
Dry  Coal 

Efficiency 

Chain 
Speed 
In.  per 
Min. 

Per  Cent. 
Combust¬ 
ible  in  Ash 

Temp,  of 
Flue  Gas 
Deg.  Fahr 

180 

10.07 

165.1 

13229 

12.72 

71.16 

4.64 

33.14 

598 

181 

10.00 

194.8 

13616 

10. 55 

67.69 

4.93 

37.65 

617 

182 

12.00 

176. 1 

12900 

14.16 

70.54 

41.63 

520 

183 

24.00 

112.4 

13327 

12.07 

77.28 

1.99 

24.67 

442 

184 

26.00 

124.7 

13567 

10.44 

73.19 

2. 19 

34.89 

474 

185 

35.00 

109.6 

13226 

11.54 

77.45 

1.58 

21.23 

449 

186 

24.00 

125.7 

13421 

11.20 

76.00 

1.98 

23.71 

499 

187 

36.00 

88-8 

13279 

11.72 

77.67 

1.59 

21.49 

425 

188 

24.00 

147.8 

13411 

11.78 

75.86 

2.00 

17.86 

550 

189 

20.00 

74.0 

13521 

10.90 

79.82 

1.59 

20.67 

417 

Table  2.  HEAT  BALANCE.  PERCENTAGE  OF  HEAT  IN  DRY  COAL. 


Test 

No. 

Absorb¬ 
ed  by 
Boiler 

Heat  to 
Dry 
Gases 

Carbon 

Mon¬ 

oxide 

Moisture 

in 

Coal 

Hydro¬ 
gen  in 
Coal 

Sensible 
Heat 
in  Ash 

Carbon 

in 

Ash 

Water 

Box 

Radia¬ 
tion,  etc. 

180 

71.16 

14.81 

0.09 

0.79 

4.25 

0.24 

5.84 

0.47 

2.35 

181 

67.69 

14.26 

1.01 

0.80 

4.26 

0.23 

6.42 

0.29 

5.04 

182 

70.54 

9.73 

0.76 

0.88 

3.88 

0.35 

10.61 

3.25 

183 

77.28 

9.28 

0.24 

0.72 

3.71 

0.23 

4.  19 

4 . 35 

184 

73.19 

10.08 

0.14 

0.70 

4.33 

0.22 

5.64 

5.70 

185 

77.45 

9.95 

0.36 

0.92 

3.70 

0.21 

3.31 

4.10 

186 

76.00 

11.55 

0.27 

0.78 

3.85 

0.20 

3.42 

3.94 

187 

77 . 67 

9.03 

0.42 

0.96 

3.80 

0.22 

3.41 

4.49 

188 

75.86 

11.86 

0.41 

1.31 

3.92 

0.20 

2 . 57 

3.87 

189 

79.82 

8.17 

0.59 

1.06 

3.94 

0.21 

3.27 

2.94 

Table  3.  COAL  AND  ASH  ANALYSES— PERCENTAGE  BY  WEIGHT. 


Test 

No. 

Proximate  Analysis 

Of  Dry  Coal 

Moisture 
in  Coal 
as  Fired 

B.T.U. 
in  Coal 

Combusible 
in  Ash 

Ultimate  Analysis 

Of  Dry  Coal 

Fixed 

Carbon 

Volatile 

Matter 

Ash 

C 

H 

Oand  N 

S 

Ash 

180 

55. 07 

32.21 

12.72 

7.41 

13229 

33.14 

72.93 

4.82 

7.87 

1.66 

12.72 

181 

56. 79 

32.66 

10. 55 

7.79 

13616 

37 . 65 

75.32 

4.97 

813 

1.03 

10. 55 

182 

54 . 79 

31.05 

14.16 

8  •  35 

12900 

41.63 

71.96 

4.48 

8.07 

1.33 

14.16 

183 

55.42 

32.51 

12.07 

7.29 

13327 

24.67 

74.24 

4.51 

7.78 

1.40 

12.07 

184 

56. 28 

33 . 28 

10.44 

7.  13 

13567 

34.89 

75.62 

5.31 

7.48 

1.15 

10.44 

185 

55. 38 

33.08 

11.54 

9.09 

13226 

21.23 

74 . 56 

4.45 

7.92 

1.53 

11.54 

186 

56.  14 

32 . 66 

11.20 

7.80 

13421 

23.71 

74 . 75 

4.60 

8.18 

1.27 

11.20 

187 

55 . 00 

33 . 28 

11.72 

9.45 

13279 

21.49 

73 . 25 

4.60 

8.82 

1.61 

11.72 

188 

55 . 53 

32 . 69 

11.78 

12.12 

13411 

17.86 

74.94 

4.58 

7.27 

1.43 

11.78 

189 

56 . 45 

32.65 

10.90 

10.60 

13521 

20.67 

75.09 

4.91 

7.69 

1.41 

10.90 
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Table  4.  FLUE  GAS  ANALYSES. 


Test  No. 

C02 

o2 

CO 

180 

10.92 

8.04 

0.02 

181 

11.30 

7.20 

0.23 

182 

12.80 

5.60 

0.20 

183 

12.58 

6.28 

0.06 

184 

12.31 

6.83 

0.03 

1S5 

12.25 

6.73 

0.08 

•  186 

11.79 

7.36 

0.06 

187 

12.54 

6 . 55 

0.  10 

188 

13.18 

5.66 

0.  10 

189 

13.41 

5.39 

0. 148 

Table  5.  TEST  DATA. 


Test  No. 

Date  of  Trial 

Duration  of 

Trial  Hrs. 

Steam  Pressure 
by  Gage 

Lbs.  per  Sq.  In. 

Barometric  Pressure 
Inches  ofMercury 

Average 
Draft  In. 
of  W ater 

Temperature  Deg.  Fahr. 

In  Boiler 

Entering 

Superheater 

U 

Q) 

C 

ZJ 

>x. 

a  si 
0) 

-J  & 
— 

C/2 

Below 

Damper 

Over  Fire 

Fire  Room 

Flue  Gases 

Saturat’dSteam 
at  Boiler  Pres. 

Superheated 

Steam 

Degrees 

Superheat 

3  C  t- 

Z.S  o 

w  r*  '■*»*' 

ZJ 

fr 

180 

3-24-T4 

10.07 

125.2 

121.7 

29.45 

0.77 

0.25 

71 

598 

453.3 102.4 

77.8 

181 

3-26-T4 

10 

128.2 

121.8 

29.40 

1.00 

0.35 

80 

617 

462  9,112  0 

79.7 

182 

9-21-T4 

12 

125 . 5 

123.9 

120.9 

29 . 23 

0.85 

0.  19 

89 

520 

353 . 0 

454 . 7 

104.2 

75 . 4 

183 

11-3-4-T4 

24 

125.4 

125.3 

123.6 

29.  14 

0.35 

0.  18 

75 

442 

352  9 

457.1 105.2 

82.0 

184 

11-5-6-T4 

26 

125.6 

125.4 

124.2 

29.29 

0.51 

0.23 

77 

474 

353 . 0 

466.8114.6 

78  •  7 

185 

11-10-11T4 

35 

122.0 

122.0 

120.5 

29 . 23 

0.39 

0 . 20 

74 

449 

351.0 

454. 1 103.9 

86.  1 

186 

11-12-13T4 

24 

119.9 

119.5 

117.2 

29 . 32 

0.63 

0 . 25 

74 

499 

349 . 9 

455. 6 107  3 

77.8 

187 

11-17-18-19 

-’14 

36 

122.8 

122.6 

121.7 

29 . 37 

0.12 

0 . 08 

68 

425 

351  5 

462 .6111.7 

79.1 

188 

11-19-20T4 

24 

125.7 

125.2 

123.2 

29.02 

0.89 

0.32 

70 

550 

353 .  1 

462 . 9  1 1 1 . 3 

79.8 

189 

1 1-21-T4 

20 

120.8 

120.8 

119.6 

28 . 96 

0.05 

0.05 

74 

417 

350.3 

464 . 2 

114.6 

55.5 

Table  6.  AVERAGE  DRAFTS. 


Draft  In.  of  Water  at  Points  Located  ox  Fig  I. 


Test  No. 

No.  1 

No.  2 

No.  3 

No.  4 

No.  5 

No.  6 

No.  7 

No.  8 

No.  9 

180 

.253 

.267 

.302 

.483 

.493 

.506 

.602 

0.774 

1.111 

181 

.347 

.382 

.428 

.634 

.  647 

.  673 

.791 

1  008 

1  023 

182 

.  194 

.270 

.282 

.408 

.452 

.  557 

.612 

0.854 

0 . 905 

183 

.  178 

.124 

.  135 

.218 

.215 

.240 

.281 

0 . 352 

0.855 

184 

.228 

.  20S 

.235 

.321 

.324 

.364 

.408 

0.512 

0.968 

185 

.  197 

.  141 

.154 

.245 

.240 

.  267 

.313 

0.387 

0.913 

186 

.246 

.258 

.271 

.386 

.  390 

.442 

.492 

0 . 626 

1  000 

187 

.078 

-.020 

-.007 

.  062 

.044 

.  046 

.  08  6 

0  121 

0  770 

188 

.320 

.  355 

.377 

.514 

.532 

.619 

.672 

0  889 

1  140 

189 

.051 

-.050 

-.034 

.029 

.009 

.005 

.043 

0  047 

0  426 
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Table  7.  TEST  DATA  AND  RESULTS. 


Test 

No. 

Feed 
Water 
Lbs.  per  hr. 

Moist 

Coal 

Lbs.  per  hr. 

Dry  Coal 
Lbs.  per 
Hour 

Dry  Coal 
Lbs.  per  hr. 
Per  Sq.  Ft. 
of  Chain 

Dry  Coal 
Lbs.  per  hr. 
Per  Sq.  Ft. 
Total  Grate 
Area 

Dry  Ash 
Lbs.  per  hr. 

Percent. 
Ash  Based 
on 

Dry  Coal 

180 

27722 

3825 

3542 

32.91 

26.14 

570 

16.08 

181 

32626 

4628 

4268 

39.66 

31.50 

684 

16.02 

182 

29498 

4265 

3909 

36.32 

28.94 

887 

22.68 

183 

18906 

2376 

2203 

20.47 

16.32 

344 

15.61 

184 

20846 

2732 

2538 

23.58 

18.80 

384 

15.13 

185 

18525 

2377 

2161 

20.08 

15. 95 

307 

14.22 

186 

21072 

2698 

2488 

23.12 

18.36 

332 

13.35 

187 

14865 

1919 

1738 

16.15 

12.83 

253 

14 . 55 

188 

24756 

3337 

2933 

27 . 25 

21.65 

391 

13.34 

189 

12139 

1548 

1384 

12.86 

10.21 

204 

14.75 

Table  8.  COMPUTED  RESULTS. 


Test  No. 

Factor  of 
Evaporation 

Equivalent  Water 
Evaporated  into 
Dry  Steam 

F.  &  A.  212° 
Fahr.  per  Hour 

Equivalent 
Evaporation  F.  &  A . 
212°  Fahr  per 

Lb.  Dry  Coal 

Equivalent  Evap¬ 
oration  F.&A.  212° 
F ahr.  per  Sq.  Ft. 
Boiler  Heating 
Surface 

Horse  Power 
Developed 

Per  Cent,  of  Rated 
H.P.  Developed  on 
Basis  of  10  Sq.  Ft. 
of  Heating  Surface 
Per  H.P. 

Combined 
Efficiency  of 
Boiler  and 

Furnace 

180 

1 . 2393 

34354 

9.70 

5. 70 

995.8 

165.1 

71.16 

181 

1 . 2424 

40534 

9.50 

6.73 

1174.9 

194.8 

67.69 

182 

1 . 2426 

36654 

9.38 

6.08 

1062.4 

176. 1 

70. 54 

183 

1 . 2368 

23382 

10.61 

3.S8 

677.7 

112.4 

77.28 

184 

1 . 2453 

25959 

10.23 

4.30 

752.4 

124.7 

73.  19 

185 

1.2313 

22810 

10.56 

3.78 

661.2 

109.6 

77 . 45 

186 

1.2410 

26151 

10.51 

4.34 

758-0 

125.7 

76.00 

187 

1 . 2428 

18472 

10.63 

3.06 

535.4 

88.8 

77.67 

188 

1 . 2422 

30751 

10.48 

5.10 

891.3 

147.8 

75.86 

189 

1.2682 

15394 

11.12 

2 . 55 

446.2 

74.0 

79.82 

DISCUSSION 

Dr.  D.  S.  Jacobus  :*  The  results  secured  in  the  tests  are 
valuable  in  showing  the  high  efficiencies  that  can  be  secured  with 
the  particular  setting  and  stoker.  The  striking  feature  is  the  gain 
in  efficiency  of  one  method  of  operating  the  chain  grate  over  the 
other.  The  heat  balances  show  that  this  was  due  to  a  more  per- 

*  Advisory  Engineer,  The  Babcock  &  Wilcox  Company,  New  York. 
(In  absentia.) 
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feet  combustion  and  better  ash.  The  lesser  amount  of  smoke  pro¬ 
duced  with  the  slow  chain  method  over  that  corresponding  to  the 
ordinary  method  of  running  a  chain  grate  was  also  an  item  favor¬ 
ing  efficiency.  The  capacity,  as  might  be  expected  on  account  of 
the  thicker  fire  carried  at  the  front  of  the  grates,  was  less  than 
with  a  uniformly  thinner  fire.  This  is  equally  true  for  all  stokers. 
As  explained  in  Mr.  Hunter’s  paper,  the  fires  can  be  thinned  down 
and  the  ordinary  method  of  operation  used  for  carrying  the  peak 
loads,  the  heat  stored  in  the  accumulated  fuel  being  readily 
available. 

The  tests  illustrate  the  gain  in  efficiency  that  may  often  be 
secured  by  varying  the  method  of  operation.  It  usually  pays  to 
make  an  investigation  rather  than  perfunctory  tests  and  to  depart 
considerably  from  what  may  be  considered  standard  practice  in 
order  to  note  the  results.  The  slow  chain  method  was  a  wide  de¬ 
parture  from  the  ordinary  way  of  operating  a  chain  grate  and 
the  improved  results  secured  by  it  point  out  a  field  for  further 
investigation  in  which  tests  could  be  made  to  determine  whether 
the  gain  will  hold  for  all  classes  of  fuel. 

I  was  present  at  one  of  the  tests  and  was  impressed  with  the 
great  care  that  was  taken  to  secure  accurate  results.  The  heat 
balances  in  themselves  show  this,  as  the  results  are  consistent. 
Taking  everything  into  account,  I  consider  these  tests  as  reliable 
as  any  I  have  witnessed. 

Mr.  John  Wolff:*  The  results  obtained  by  Mr.  Hunter 
confirm  our  own.  For  some  months  past  we  have  been  operating 
our  station  in  a  somewhat  similar  manner  and  have  named  this 
method  the  “Slow  Drive/’  reference  here  being  to  the  speed  of  the 
line  shaft  controlling  the  stokers,  which  in  the  end  is  responsible 
for  all  the  other  stoker  movements. 

We  found  for  ordinary  everyday  operation  that  we  could 
establish  certain  fixed  conditions  of  fuel  feed,  which  condition 
required  no  change  from  one  month’s  end  to  the  other.  Thus — 
a  positive  forward  movement  of  the  pusher  plate  of  'V/>  in.  pet- 
stroke — a  definite  forward  movement  of  the  ratchet  wheel  operat¬ 
ing  the  shaft,  which  in  turn  operates  the  pusher  plate.  This 
movement  expressed  in  terms  of  number  of  teeth  fed  per  revo- 

*Chief  Engineer,  The  Cleveland  Electric  Illuminating  Company, 
Cleveland,  Ohio.  (In  absentia.) 
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lution  of  line  shaft  is  four.  The  only  variable  entering  into  the 
scheme  is  the  speed  of  the  grate,  which  ordinarily  is  fed  at  the 
rate  of  two  notches. 

With  the  conditions  established  as  above  it  is  possible  to  take 
care  of  momentary  variations  of  load  by  simply  manipulating  the 
dampers.  For  other  loads  greater  than  the  average  and  less  than 
the  peak  a  slight  increase  of  line  shaft,  which  controls  all  stoker 
movements,  only  is  necessary.  For  peak  work  the  speed  of  the 
chain  only  is  increased,  which  is  done  by  changing  the  chain  feed 
from  two  to  three  teeth  of  the  ratchet.  The  average  speed  of  the 
line  shaft  is  35  revolutions  per  minute.  With  the  manipulations 
as  outlined  we  can  maintain  a  uniform  steam  pressure ;  we  can 
maintain  a  water  level  with  little  or  no  fluctuation,  requiring  few 
adjustments  of  the  feed  valves.  It  may  be  said  here  that  we  de¬ 
pend  on  hamj  regulation  for  the  feed  water  level  and  do  not  em¬ 
ploy  any  high  or  low  water  alarm.  Further,  the  furnace  is  at  all 
times  charged  with  sufficient  fuel  to  supply  any  demands  made 
on  it,  and  no  time  or  heat  is  lost  in  bringing  banked  or  cold  boilers 
into  action. 

Lastly,  and  possibly  the  most  important  advantage,  is  the 
extreme  confidence  the  operators  feel  in  their  ability  to  meet  and 
handle  all  situations.  They  find  time  now  to  help  the  fellow  with 

the  Orsat  discover  and  locate  C  02,  the  existence  of  which  in 
large  quantities  I  believe  they  have  always  doubted ;  at  least,  they 
no  longer  mumble  “it  can’t  be  done.” 

Mr.  \\  .  E.  Snyder  :*  This  paper,  in  some  respects,  reminds 
me  of  a  railroad  time  table.  It  contains  a  great  deal  of  infor- 
provided  the  information  it  contains  is  properly  understood, 
mation,  but  gives  very  little  opportunity  for  difference  of  opinion, 

The  results  of  this  series  of  tests  are  so  important,  because 
of  the  large  increase  in  efficiency  effected  by  comparatively  simple 
means,  that  I  have  studied  the  data  over  quite  carefully,  in  order 
to  see  if  there  are  any  important  discrepancies  which  could  affect 
their  reliability.  From  this  examination  of  the  table,  I  have  made 
the  following  notes : 

In  determining  whether  or  not  certain  efficiencies  of  boiler 
and  grate  have  been  obtained,  it  is  important  to  know  whether 

*Mechanical  Engineer,  American  Steel  &  Wire  Companv,  Pittsburgh 
tin  absentia.)  b 
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the  correct  heating  value  of  the  coal  has  been  obtained,  and  also 
whether  the  principal  heat  losses  as  determined  for  the  heat  bal¬ 
ance  are  reasonably  correct.  In  other  words,  one  way  to  get  a 
high  over-all  efficiency  is  to  get  a  low  heating  value  for  the  coal, 
and  to  show  the  heat  lost  up  the  stack  and  to  the  ash  pit  less  than 
it  was — not  necessarily  intentional  deception,  but  due  to  imper¬ 
fections  of  sampling,  analysis,  etc. 

Referring  to  Table  No.  1 :  It  will  be  seen  that  the  heating 
value  of  the  drv  coal  varies  from  12  900  B.  t.  u.  to  13  616  B.  t.  u. 

j 

per  pound,  although  all  of  the  coal  came  from  the  same  mine.  I 
believe  it  is  a  fact,  to  which  all  will  agree  who  have  given  this 
matter  of  coal  sampling  and  testing  any  extensive  study,  that  there 
can  be  a  wide  variation  in  the  heating  value  of  coal  obtained  from 
the  same  mine,  depending  on  the  variation  in  slate  bands  and  ash 
which  the  coal  contains,  and  the  methods  of  mining,  and  the  care 
exercised  by  the  miner  in  loading ;  but,  the  heating  value  per 
pound  of  combustible,  meaning  by  “combustible,”  dry  coal  and 
free  from  ash,  should  be  quite  consistent  for  the  comparatively 
limited  area  of  a  coal  seam  that  is  worked  as  one  mine. 

As  a  check  of  the  methods  of  sampling  and  of  the  analyses  I 
have  calculated  the  results  in  the  last  column  of  Table  No.  9, 

TABLE  No.  9.  HEATING  VALUE  OF  COMBUSTIBLE 


B.T.U.  in 

Percent 

Percent 

B.T.U.  per 

Coal 

Ash 

Comb. 

lb.  Comb. 

13  229 

12.72 

87.28 

15  157 

13  616 

10.55 

89.45 

15  222 

12  900 

14.16 

85.84 

15  028 

13  327 

12.07 

87.93 

15  156 

13  567 

10.44 

89.56 

15  150 

13  226 

11.54 

88.46 

14  951 

13  421 

11.20 

88.80 

15  115 

13  279 

11.72 

88.28 

15  041 

13  411 

11.78 

88.22 

15  203 

13  521 

10.90 

89.10 

15  176 

Av.  15  120 
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TABLE  No.  10 


Col.  (1)  Col.  (2)  Col.  (3)  Col.  (4)  Col.  (5)  Col.  (6) 
%  Refuse  %  Comb,  in  %  Incomb.  %  Ash  in  %  Ash  in 


In  Ash  Pit 

Ash 

in  Ash 

D.C. 

D.C.  (Anal) 

Difference 

16.08 

33.14 

66.86 

10.75 

12.72 

1.97 

16.02 

37.65 

62.35 

9.99 

10.55 

0.56 

22.68 

41.63 

58.37 

13.24 

14.16 

0.92 

15.61 

24.67 

75.33 

11.76 

12.07 

0.31 

15.13 

34.89 

65.11 

9.85 

10.44 

0.59 

14.22 

21.23 

78.77 

11.20 

11.54 

0.34 

13.35 

23.71 

76.29 

10.18 

11.20 

1 .02 

14.55 

21 .44 

78 . 56 

11.43 

11.72 

0.29 

13.34 

17.86 

82.14 

10.96 

11.78 

0.82 

14.75 

20.67 

79.33 

11.70 

10.90 

—0.80 

11.10 

11.70 

0.60 

using  for  this  purpose  the  heating  value  of  the  coal  given,  and 
the  ash  by  analyses  of  the  coal.  It  will  be  seen  that  the  average 
heating  value  per  pound  of  combustible  is  15  120,  and  that  the 
minimum  is  1.1  percent  below  this  average,  and  the  maximum 
is  two-thirds  of  1  percent  above  the  average,  also  that  practically 
all  of  the  other  samples  are  within  less  than  one-half  of  one  per¬ 
cent  of  the  average.  Considering  that  these  samples  were  taken 
from  quite  large  and  varying  quantities  of  coal,  part  of  which 
was  mined  in  March,  part  in  September,  and  part  in  November, 
it  is  certainly  apparent  that  there  is  an  agreement  among  the 
samples,  which  is  close  and  consistent  enough  to  satisfy  the  most 
exacting  critic — keeping  in  mind  that  we  are  discussing  the  results 
of  practical  operating  boiler  tests,  and  not  small  quantities  tested 
under  laboratory  conditions  for  scientific  purposes. 

It  is  seen  from  the  above  that,  based  on  a  comparison  of  the 
heating  value  per  pound  of  combustible,  the  coal  sampling,  de¬ 
termination  of  heating  value  and  ash  bv  analyses,  show  very 
consistent  and  satisfactory  results.  With  the  ash  in  the  coal  as 
determined  by  analyses  thus  verified,  it  can  be  used  to  check  the 
quantity  of  refuse  from  the  ash  pit  and  its  analysis,  as  indicated 
in  Table  No.  10.  The  method  followed  in  preparing  this  table 
was  to  take  the  total  percentage  of  ash  and  refuse  that  went  to 
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the  ash  pit  and  multiply  it  by  the  percent  of  incombustible  matter 
which  it  contained.  This  gives  a  new  percentage,  which  is  the  in¬ 
combustible  matter  in  the  coal  as  determined  by  analyses  of  the 
refuse  from  the  ash  pit.  Table  No.  10,  column  4,  gives  the  per¬ 
centage  of  ash  in  dry  coal  determined  in  this  way,  and  column  5 
gives  the  ash  as  determined  by  analyses  of  coal.  The  average  of 
these  columns  shows  that  the  ash  in  dry  coal  as  determined  by 
analysis  of  the  refuse  from  the  ash  pit,  is  equal  to  11.10  percent; 
and  the  average  of  the  ash  as  determined  by  chemical  analysis  of 
the  coal  is  11.70  percent,  or  a  difference  of  only  0.6  of  1  percent. 
That  is,  the  average  ash  as  determined  by  all  the  analyses  made 
of  the  coal  is  0.6  of  1  per  cent  more  than  the  average  ash  as  de¬ 
termined  by  all  the  analyses  made  of  the  refuse  from  the  ash  pit ; 
also  that  this  difference  is  in  the  right  direction,  as  the  coal 
analyses  should  give  a  slightly  higher  ash,  because  of  some  of  the 
fine  ash  being  carried  from  the  furnace  over  into  the  boiler  and 
that  is  not  taken  out  of  the  ash  pit.  Here  again  there  is  an  agree¬ 
ment  that  is  close  and  consistent  enough  to  make  it  very  pleasing 
for  anyone  who  is  familiar  with  the  great  difficulties  encountered 
in  securing  thoroughly  reliable  and  representative  samples  of  coal 
and  ashes. 

It  is  not  possible  to  make  such  a  satisfactory  check  on  the 
quantity  of  heat  lost  up  the  stack,  because  the  nature  of  the  data 
does  not  permit  it.  However,  the  number  and  method  of  taking 
the  samples  of  flue  gas,  and  the  number  of  readings  and  method 
of  taking  the  stack  temperatures,  should  give  results  entirely  re¬ 
liable  and  satisfactory  for  practical  purposes.  Table  No.  4  giving 
the  average  composition  of  the  flue  gas  shows  such  consistent  and 
reasonable  results  that  I  do  not  see  how  they  can  be  questioned. 
This  same  thing  is  true  in  regard  to  the  average  temperatures  of 
the  flue  gas. 

Referring  now  to  last  column  of  Table  No.  2,  giving  the 
percentage  of  heat  unaccounted  for.  This  varies  from  2.35  to  5.70 
percent,  the  average  being  4.00  percent.  When  it  is  considered 
that  this  “unaccounted  for”  percentage  is  a  “sewer”  into  which 
the  results  of  inaccuracies  or  errors  in  all  other  parts  of  the  work 
eventually  find  their  way,  it  must  be  granted  that  here  again 
the  figures  are  very  consistent.  I  have  seen  series  of  tests  made 
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by  engineers  of  prominence  where  the  “unaccounted  for”  varied 
from  3  to  12  percent,  with  no  explanation  considered  necessary. 

We  have,  therefore,  a  series  of  tests  in  which  the  water  and 
coal  were  both  weighed,  and  records  kept  in  such  a  way  as  to  make 
these  important  data  thoroughly  reliable;  the  comparisons  just 
discussed  above  showing  remarkably  consistent  and  satisfactory 
agreement  in  the  auxiliary  data  obtained. 

The  average  length  of  Tests  Nos.  183  to  189,  inclusive,  is  27 
hours,  which  is  long  enough  to  insure  reliable  results  and  much 
more  satisfactory  than  tests  of  half  that  length. 

Now,  the  purpose  of  all  of  the  above  is  to  make  a  critical  ex¬ 
amination  of  every  important  phase  of  this  work  to  see  if  there  is 
any  condition  which  might  tend  to  throw  doubt  on  the  results.  I 
cannot  find  any  such  condition,  and  it  is  my  opinion,  based  on  a 
great  deal  of  experience  in  making  various  kinds  of  boiler  and  coal 
tests,  that,  considering  the  length  of  the  tests ;  the  evident  care  ex¬ 
ercised  in  taking  the  data ;  the  absence  of  any  important  discrep¬ 
ancies,  and  the  consistent  nature  of  the  results ;  that  these  results 
are  as  reliable  and  as  near  the  actual  truth  as  it  is  possible  to  get 
from  any  tests  made  under  practical  boiler  house  conditions. 

It  is  hardly  necessary  for  me  to  add  any  expression  of  my 
great  appreciation  of  the  very  important  information  which  was 
developed  by  this  series  of  tests.  The  very  high  efficiencies,  and 
the  comparatively  simple  means  adopted  to  produce  these  high 
efficiencies  are  the  most  surprising  features  of  this  work,  and 
features  which  cannot  fail  to  be  of  very  great  and  far-reaching 
importance  to  all  users  of  large  installations  of  boilers. 

There  is  one  matter  which  I  would  suggest  Mr.  Hunter  dis¬ 
cuss  a  little  further,  and  that  is  Table  No.  6,  giving  the  average 
drafts.  There  are  several  points  in  connection  with  this  table 
which  are  not  entirely  clear.  These  figures,  as  I  understand 
them,  represent  negative  pressure,  that  is  vacuum  in  various  parts 
of  the  setting.  There  are  a  few  figures  which  have  the  minus 
sign  in  front.  Does  this  indicate  pressure?  Also,  it  is  natural  to 
expect  a  gradual  increase  in  vacuum  from  the  furnace  to  the 
stack,  which  apparently  is  not  the  case?  Draft  at  No.  9  was  taken 
above  the  damper.  This  varies  from  0.77  to  1.14  inches  of  water, 
except  in  the  last  test,  where  it  is  0.426.  What  condition  could 
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have  caused  such  a  large  drop  in  stack  draft  with  only  a  compara¬ 
tively  small  drop  in  stack  temperature,  other  conditions  remaining 
the  same?  These  draft  conditions  do  not  affect  the  reliability  of  the 
results  in  a  way,  but,  they  have  an  important  bearing  on  analyzing 
furnace  conditions,  with  the  view  of  understanding  what  is  actu¬ 
ally  going  on  in  the  furnace,  and  duplicating  similar  conditions 
elsewhere. 

Mr.  M.  Alpern  :*  I  have  read  with  considerable  interest 
Mr.  Hunter’s  paper  containing  the  tests  on  a  chain  grate  stoker 
and  specially  baffled  Stirling  boiler  at  his  Vandergrift  plant.  It 
seems  to  the  writer  that  Mr.  Hunter  has  taken  a  step  in  the  right 
direction  in  the  design  of  the  special  baffle,  and  both  the  data  sub¬ 
mitted  by  Mr.  Hunter  and  the  data  contained  in  this  paper  appear 
to  indicate  that  material  improvement  can  be  expected  in  both 
boiler  and  furnace  efficiencies. 


Fig.  4. 

•Engineer,  American  Engineering  Company,  Philadelphia,  Pa. 
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It  also  seems  that  an  improvement  can  be  expected  in  boiler 
maintenance,  through  the  elimination  of  the  Stirling  arch.  The 
curves  contained  in  this  discussion  are  plotted  from  tests  con¬ 
ducted  at  the  Detroit  Edison  plant  on  a  five-pass  specially  baffled 
Stirling  boiler,  and  the  diagram,  Fig.  4,  indicates  the  special 
baffling.  The  curve  sheets  also  indicate  the  comparative  results 
obtained  on  the  standard  setting  with  a  furnace  arch  and  standard 
baffling.  On  some  of  the  curve  sheets  I  have  taken  the  liberty 
of  plotting  the  curves  shown  by  Mr.  Hunter. 

Figure  4  shows  the  boiler  units  as  at  present  installed  in  the 
Delray  Plant  No.  1  of  the  Detroit  Edison  Company.  There  are 
24  such  boilers  in  this  plant.  The  boilers  were  originally  installed 
and  baffled  by  the  Stirling  Company  with  their  standard  baffle  and 
arch  setting. 

Figure  5  gives  the  efficiency  curves  of  the  combined  boiler 
and  stoker  at  Detroit.  In  both  cases  a  five-retort  stoker  is  in¬ 
stalled  under  a  boiler  containing  approximately  5200  sq.  ft.  One 
setting  is  of  the  special  five-pass  type  shown  in  the  drawing,  and 
the  other  is  the  standard  Stirling  setting  with  the  arch.  It  will 
be  noted  that  the  efficiency  curve  on  the  standard  setting  was 
lower  than  the  efficiency  curve  on  the  special  setting,  and  differed 
from  the  latter  by  approximately  2]/2  points.  All  the  points  lie 
very  close  to  the  curves.  The  solid  line  marked  “Vandergrift 
efficiency,  Green  Chain  Grate  Stoker,”  illustrates  the  solid  line 
as  given  by  Mr.  Hunter,  and  the  dot  and  dash  lines  marked  “Van¬ 
dergrift”  illustrate  the  probable  curves  shown  by  Mr.  Hunter. 
The  circle  marked  “36J4  hours,  including  bank,”  is  a  test  on  the 
Taylor  stoker  fired  boiler  with  special  baffle,  and  included  a  bank¬ 
ing  period  of  12  hours. 

Figure  6  shows  the  “draft”  drop  through  the  boiler ;  that  is, 
the  friction  due  to  the  velocity  of  the  gases  from  the  furnace  to 
the  outside  of  the  breeching.  The  dash  line  shows  the  “draft” 
drop  through  the  boiler  at  Vandergrift  with  “slow  chain”  opera¬ 
tion.  Ihe  curve  below  shows  the  draft  drop  through  the  boiler 
at  Vandergrift  with  “fast  chain.”  It  would  appear  from  these 
two  curves  that  a  greater  volume  of  gases  was  handled  with  the 
“slow  chain”  method  of  operation  than  with  the  “fast  chain” 
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method  of  operation.  This  does  not  appear  to  be  borne  out  by  the 
gas  analyses. 

The  third  curve  in  Fig.  6  shows  the  draft  drop  through  the 
five-pass  boiler  at  the  Detroit  Edison  plant.  It  seems  to  me  that 
considerable  importance  should  be  attached  to  draft  drop  through 
boiler  settings.  This  drop  varies  approximately  as  the  square 
of  the  volume  of  gas  circulated  and  becomes  very  considerable  at 
high  ratings.  For  instance,  the  draft  drop  with  the  Taylor  stoker 
would  become  0.8  in.  at  300  percent  rating. 

A  factor  of  considerable  influence  on  the  draft  drop  is  setting 
leakage.  A  tight  setting  is  therefore  a  great  aid  to  the  draft. 

Figure  7  illustrates  the  total  draft  in  the  case  of  the  Vander- 
grift  specially  baffled  boiler  and  with  “slow  chain”  and  “fast 
chain”  method  of  operation.  It  would  appear  from  these  curves 
that  the  limit  of  the  available  draft  with  the  “slow  chain”  oper¬ 
ation  was  reached  at  approximately  155  percent  of  rating ; 
whereas  the  “fast  chain”  method  obtained  a  considerably  higher 
rating. 

Figure  8  illustrates  the  total  draft  used  at  the  Detroit  Edison 
plant  and  also  the  air  pressure  under  the  fire. 

Figure  9  illustrates  the  final  temperatures  of  the  boilers.  The 
solid  curve  marked  “Taylor  Stoker  Five-pass  Baffle”  does  not 
differ  materially  from  the  dash  line  curve  marked  “Standard 
Baffle.”  This  would  appear  to  indicate  that  the  improved  ef¬ 
ficiency  shown  was  the  result  of  an  improvement  in  furnace 
efficiency,  rather  than  boiler  efficiency.  The  lower  solid  line  curve 
is  the  “slow  chain”  curve  at  Vandergrift.  The  final  tempera¬ 
tures  in  this  boiler  are  considerably  lower  than  were  the  final 
temperatures  in  the  Detroit  boiler.  This  may  be  accounted  for 
by  the  fact  that  the  Vandergrift  boilers  were  operated  at  125  lb. 
pressure  and  the  Detroit  Edison  boilers  at  200  lb.  pressure.  The 
Detroit  boilers  were  supplied  with  water  at  approximately  250 
deg.  temperature. 

Mr.  T.  A.  Marsh  :*  Some  of  the  features  of  'Sir.  Hunter’s 
paper  which  deserve  careful  consideration  are : 

j.  The  high  efficiencies. 

2.  The  method  of  baffling  the  boiler. 

♦Chief  Engineer,  Green  Engineering  Company,  Chicago. 
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j.  The  new  method  of  firing. 

4.  The  application  of  the  knowledge  obtained  from  the  tests. 

A  comparison  with  the  Detroit  Edison  tests  indicates  the 
following : 

The  coal  used  at  Yandergrift  contained  on  the  average  1000 
less  B.  t.  u.  per  pound  than  the  Red  Jacket  and  Milburn  coals  used 
at  Detroit,  and  this  makes  the  lower  percentage  of  combustible  in 
the  ash  obtained  at  Yandergrift  during  the  “Slow  chain”  tests 
appear  unusually  creditable. 

The  furnace  at  Yandergrift  is  not  as  large  as  at  Detroit  and 
the  combustion  of  the  hydrocarbons  is  probably  not  as  complete. 
A  slightly  higher  percentage  of  C02  was  obtained  at  Detroit,  and 
as  traces  of  CO  found  in  both  cases  in  the  presence  of  oxygen, 
this  difference  in  percentage  of  C02  appear  to  be  due  to  the  dif¬ 
ference  in  the  furnaces. 

The  heat  absorption  by  the  boiler  was  slightly  better  with 
the  Yandergrift  tests,  which  is  a  credit  for  this  type  of  boiler 
baffling. 

The  heat  loss  due  to  radiation  was  certainly  higher  at  Van- 
dergrift  than  at  Detroit,  due  to  the  difference  in  the  size  of  the 
units. 

The  part  of  Mr.  Hunter’s  paper  discussing  the  “Fast  Chain” 
and  “Slow  Chain”  methods  of  firing  is  of  exceptional  interest. 

Very  seldom  has  a  series  of  tests  developed  something  so 
constructive,  and  it  is  a  distinct  advancement  to  take  the  same 
equipment  throughout  and  produce  results  far  in  excess  of  for¬ 
mer  practice. 

It  has  been  well  known  for  years  that  higher  capacities  could 
be  obtained  with  thin  fires,  but  best  efficiencies  were  to  be  obtained 
with  thick  fires.  However,  in  chain  grate  practice  “thick  and 
thin”  referred  usually  to  8-inch  deep  fuel  beds  as  compared  to 
5-inch. 

The  method  of  firing  described  in  this  paper,  however,  is  not 
simply  a  thicker  fire.  The  fuel  bed  is  of  an  entirely  different  form 
and  the  characteristics  are  different. 

As  a  matter  of  interest  the  writer  has  prepared  curves,  Fig. 
10,  showing  the  combustion  rates  per  unit  of  draft  obtained  with 
the  “Fast  Chain”  method  as  compared  with  the  “Slow  Chain” 
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method.  The  different  location  and  slope  of  these  curves  dem¬ 
onstrates  that  the  two  methods  are  entirely  distinct. 

With  the  “Fast  Chain”  method,  a  combustion  rate  of  30  lb. 
of  dry  coal  per  sq.  ft.  of  grate  surface  per  hour  was  obtained, 
using  a  furnace  draft  of  0.30  in.  water  column;  with  the  “Slow 
Chain”  method  the  same  draft  was  used  for  a  combustion  rate  of 
only  21  lb.  The  draft  below  the  damper  was  in  each  case  0.90  in. 

The  two  curves  are  similarly  apart  throughout  their  entire 
range.  An  analysis  of  the  difference  in  results  obtained  by  the 
“Slow  Chain”  firing  method  appears  to  be  as  follows : 

1.  For  the  same  combustion  rate  a  chain  speed  of  less  than 
half. 

2.  A  furnace  draft  of  much  greater  intensity. 

3.  Lower  flue  gas  temperatures. 

4.  Lower  percentage  of  combustible  in  the  ash. 

5.  Higher  percentage  C  02. 

6.  Practical  elimination-  of  smoke. 

7.  Increased  capacity,  due  to  increased  efficiency  at  a  given 
combustion  rate. 

The  question  is  sure  to  arise  regarding  the  application  of  this 
knowledge  to  existing  plants. 

The  new  method  of  baffling  should  be  considered  cautiously ; 
some  classes  of  boilers  are  better  adapted  to  the  standard  style. 
Soot  removal,  draft  losses  and  capacity  obtainable  must  all  be 
considered  and  proper  provision  made. 

As  to  the  new  method  of  firing,  some  of  the  users  of  the 
Green  Engineering  L  Type  stokers  have  already  heard  of  the 
Vandergrift  results  and  have  adopted  this  method;  others  will 
unquestionably  do  so  when  they  learn  of  the  method,  and  provid¬ 
ing  their  station  conditions  permit. 

The  extent  to  which  this  “Slow  Chain”  method  can  be  ap¬ 
plied  to  standard  chain  grates  is  questionable.  It  is  evident  that 
much  more  is  involved  than  simply  a  thicker  fire.  Excessively 
thick  fires  on  chain  grates  usually  result  in  a  surface  ignition, 
low  furnace  temperature  and  uneven  fuel  bed  conditions. 

It  might  be  possible  to  design  furnaces  for  very  thick  fuel 
beds,  but  it  does  not  appear  possible  to  obtain  the  same  character- 
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istics  of  the  fuel  bed  with  standard  chain  grates  as  are  shown 
in  this  paper. 

The  position  of  the  coking  plates  and  their  action  are  unques¬ 
tionably  of  utmost  importance  and  while  it  is  certainly  hoped 
that  these  principles  will  apply  in  a  measure  to  standard  chain 
grate  practice,  the  indications  are  that  the  application  is  limited 
to  the  coking  coal  L  Type  stoker. 

Mr.  Karl  Xibecker:*  The  results  of  tests  of  boilers 
equipped  with  chain  grate  stoker,  described  to  us  this  evening  by 
Mr.  Hunter,  are  exceedingly  interesting,  as  they  demonstrate  the 
excellent  efficiency  which  can  be  obtained  with  this  type  of 
equipment. 

Mr.  Hunter  is  certainly  to  be  congratulated  upon  the  amount 
of  data  which  he  has  collected  upon  this  matter.  A  large  amount 
of  work  is  required  in  order  to  obtain  such  information,  and 
Mr.  Hunter  has  done  this  in  a  most  complete  and  comprehensive 
way. 

At  present  the  plant  with  which  I  am  connected  has  no 
boilers  equipped  with  soot  blowers,  which  probably  are  a  decided 
advantage  in  securing  the  best  boiler  economy.  The  Stirling 
boilers  which  we  are  operating  are  equipped  with  the  normal 
Stirling  boiler  baffles. 

It  has  occurred  to  me  that  some  of  the  members  might  be 
interested  in  the  results  of  a  number  of  tests  which  we  have  made 
upon  Stirling  boilers  equipped  with  underfeed  stokers  and  forced 
draft.  We  have,  therefore,  superimposed  upon  the  curve  shown 
by  Mr.  Hunter  two  curves  covering  tests  of  two  installations  of 
underfeed  stokers  (See  Fig.  11).  The  boilers  tested  by  us  were 
handled  in  the  usual  way,  every  precaution  being  taken  to  make 
the  setting  commercially  tight. 

It  is  interesting  to  note  that  the  several  curves  cross  at  various 
points.  At  ratings  greater  than  110  percent,  the  underfeed  stoker 
seems  to  produce  the  best  efficiency.  From  110  to  115  percent  the 
chain  grate  appears  to  be  the  most  efficient,  and  below  115  percent 
the  underfeed  Xo.  2  is  the  most  efficient.  We  have  operated  the 
underfeed  stokers  at  a  rating  of  210  percent,  which  is  a  greater 
capacity  than  any  of  the  tests  given  by  Mr.  Hunter. 

♦Steam  Engineer,  Youngstown  Sheet  &  Tube  Company,  Youngstown, 
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The  gas  analyses  as  obtained  by  him  are  similar  to  those 
obtained  by  us  during  our  tests,  but  his  stack  temperatures  are 
somewhat  lower  than  the  temperatures  which  we  obtained.  This 
fact  would  indicate  that  the  boiler  used  by  Mr.  Hunter  was 
operating  at  better  efficiency  than  that  used  by  us.  With  the 
underfeed  stokers  we  obtained  values  of  combustibles  in  the  ash 
somewhat  lower  than  the  values  given  by  Mr.  Hunter  for  his 
tests. 

The  baffling  of  the  boiler  as  shown  is  exceedingly  interesting 
and  doubtless  aids  considerably  in  the  attainment  of  high  boiler 
efficiency.  This  arrangement  of  baffles  is  certainly  worthy  of 
very  careful  consideration  and  may  possibly  merit  its  adoption 
by  users  of  this  type  of  boiler.  There  is  a  possibility,  however, 
that  the  change  in  baffling  will  restrict  the  passages  for  the  prod¬ 
ucts  of  combustion  to  such  a  point  that  difficulty  will  be  encoun¬ 
tered  in  carrying  very  large  overloads.  It  is  not  impossible  also 
to  imagine  that  the  higher  ratings  may  be  obtained  at  reduced 
efficiency.  I  do  not  feel  that  I  have  gone  into  this  question  suf¬ 
ficiently,  however,  to  predict  such  a  condition,  and,  therefore, 
merely  offer  this  thought  as  a  suggestion. 

The  boiler  tested  by  Mr.  Hunter  has  a  heating  surface  of 
•  6032  sq.  ft.,  while  the  boilers  tested  by  us  have  a  heating  surface 
of  4640  sq.  ft.  From  the  results  of  various  tests  which  have  been 
made,  it  appears  as  though  the  efficiency  of  boilers  increases  with 
the  increase  in  size  of  the  units.  It,  therefore,  appears  as  though 
the  boiler  tested  by  Mr.  Hunter  should  be  inherently  more  efficient 
than  those  tested  by  us. 

In  view  of  this  fact  and  the  fact  that  the  coal  burned  was 
not  of  exactly  the  same  quality,  there  are  several  conditions  which 
should  be  carefully  studied  before  comparing  these  curves  too 
literally.  I  have  therefore  offered  them  merely  for  what  they 
may  be  worth — when  considered  with  due  care. 

From  the  curves  it  will  appear  that  the  relative  efficiency  of 
various  types  of  stokers  varies  with  the  loading  of  the  boiler  at 
which  they  are  operating.  It  will  thus  be  seen  that  the  vital 
question  in  the  selection  of  a  stoker  becomes  that  of  the  capacity 
at  which  the  boiler  will  operate  the  largest  percentage  of  the  time. 

For  the  moment,  let  us  take  the  curves  exactly  as  they  appear 
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and  see  how  this  would  affect  the  selection  of  equipment.  Below 
115  percent  rating  we  should  install  underfeed  stokers  No.  2; 
from  115  percent  rating  to  160  percent  rating,  we  should  install 
chain  grate  stokers,  and  from  160  percent  rating  to  210  percent 
rating,  we  should  install  the  underfeed  stoker. 

It  is  exceedingly  interesting  to  note  the  remarkably  good 
efficiency  which  has  been  secured  by  all  three  stokers  considered, 
which  demonstrates  clearly  the  value  of  giving  full  consideration 
to  the  firing  of  boilers.  I  believe  that  installations  will  be  made 
even  of  moderate  size  units — such  as  are  covered  in  the  tests  of 
Mr.  Hunter  and  myself — which  will  show  even  better  efficiencies 
than  represented  by  these  curves.  In  order  to  accomplish  this, 
we  must  install  the  highest  type  of  equipment,  such  as  boiler 
feed  regulators,  combustion  controllers,  and  necessary  indicating 
and  recording  instruments,  to  constantly  maintain  an  accurate 
check  of  what  is  being  done. 

Mr.  A.  A.  Straub  :*  It  is  rather  unfortunate  that  Mr.  Hun¬ 
ter  does  not  state  at  exactly  what  chain  speed  test  No.  182  was 
conducted.  That  this  test  was  evidently  conducted  with  a  faster 
chain  speed  than  tests  Nos.  180  and  181  is  indicated  by  the  over- 
lire  draft  and  percent  combustible  in  the  refuse.  If  this  data  has 
been  omitted  thru  an  oversight,  it  should  be  supplied,  as  it  is  of 
great  importance  to  operators  of  this  type  of  stoker  in  this  district. 

Evidently  from  Mr.  Hunter’s  statements  considerable  smoke 
was  emitted  on  this  particular  test.  It  is  indeed  much  to  be  re¬ 
gretted  that  such  valuable  data  should  be  presented  at  a  time 
when  such  a  vigorous  anti-smoke  campaign  is  in  progress,  with 
only  such  general  statements  regarding  the  emission  of  smoke, 
as  emission  of  considerable  smoke  and  decrease  amount  of  smoke 
emitted.  This  unit  being  equipped  with  an  individual  stack  pre¬ 
sented  an  excellent  opportunity  for  making  a  detailed  study  of  the 
smoke  problem.  To  plant  operators  within  the  city  limits  the 
smoke  question  is  of  vital  importance.  It  is  extremely  desirable 
to  know  if  this  unit  at  any  period  during  the  operation  under  test 
violated  Ordinance  No.  257,  or  if  smoke  equal  to  or  greater  in 
density  than  No.  3  Ringlemann  Scale  was  emitted  for  a  period 
equal  to  or  exceeding  two  minutes  in  any  fifteen.  If  data  show- 

♦Steam  Engineer,  Duquesne  Light  Company,  Pittsburgh. 
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ing  detailed  smoke  observations  on  these  tests  is  available  it  ought 
to  be  presented. 

Mr.  Hunter’s  methods  of  accumulating  coal  samples  and  ob¬ 
taining  their  surface  moisture  does  not  conform  to  present-day 
standards  and  methods. 

Placing  coal  samples  in  canvas  bags  in  hot  boiler  rooms  sub¬ 
jects  the  coal  to  considerable  loss  in  moisture.  This  is  not  ac¬ 
counted  for  by  the  analysis,  especially  when  wet  coal  is  fired,  as 
was  the  case.  This  error  in  this  case  was,  however,  probably  al¬ 
most  eliminated  by  aggregating  the  sample  each  hour.  The  prac¬ 
tice  followed  by  the  Duquesne  Light  Company  on  daily  shipments 
and  in  boiler  trials  is  to  aggregate  the  sample  in  a  covered  metal 
container  and  not  to  subject  this  container  to  higher  than  boiler 
room  temperatures.  This  is  the  practice  followed  by  the  U.  S. 
Bureau  of  Mines. 

Subjecting  coal  to  temperatures  over  the  boilers,  which 
usually  vary  from  115  deg.  to  more  than  150  deg.  Fahr.,  and  in 
steel  mills  usually  well  above  150  deg.,  lead  to  questionable  results. 
It  is  not  definitely  known  what  happens  to  coal  when  subjected 
to  these  temperatures.  It  is,  however,  well  known  that  the  coal 
will  lose  practically  all  its  moisture  at  these  temperatures.  When 
being  crushed  in  the  laboratory  it  will  take  up  moisture  from  the 
atmosphere  and  thus  the  analysis  will  account  for  more  moisture 
than  the  coal  originally  had.*  This  will  lead  to  erroneous  figures 
for  weights  of  dry  coal  fired  and  afifect  efficiencies  as  hereinafter 
stated. 

Furthermore,  samples  for  surface  moisture  should  be  crushed 
either  to  in.  and  finer,  or  20  mesh  and  finer,  and  the  surface 
moisture  or  total  moisture  determined  according  to  methods  out¬ 
lined  by  any  one  of  the  following  authorities : 

Coal ,  by  Somermeier,  page  70. 

Technical  Paper  No.  8,  U.  S.  Bureau  of  Mines,  Stanton  &  Fieldner, 
page-  7. 

Bulletin  No.  41,  U.  S.  Bureau  of  Mines,  Pope  and  Davis,  pages  77 
and  80. 

The  latter  method  is  the  one  followed  where  no  air  drying 
oven  is  used  and  is  in  use  by  the  Duquesne  Light  Company. 

In  view  of  the  high  efficiencies  obtained  it  will  no  doubt  be 

*See  Technical  Paper  No.  76,  U.  S.  Bureau  of  Mines,  by  A.  C. 
Fieldner. 
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of  interest  to  know  what  method  was  followed  in  analyzing  the 
coal  and  determining  its  calorific  value.  Mr.  Hunter  does  not 
state  whether  coal  was  analyzed  according  to  the  standard  of  the 
American  Chemical  Society  or  the  U.  S.  Bureau  of  Mines,  the 
latter  method  being  a  modification  of  the  former.  Also,  since  the 
ultimate  analysis  is  so  given  that  Dulongs’  formula  cannot  be  ap¬ 
plied  to  calculate  the  calorific  value  of  the  coal,  it  is  of  utmost 
importance  to  ascertain  whether  or  not  the  heat  value  of  the  fuel 
was  obtained  in  an  oxygen  type,  bomb  calorimeter,  or  if  the  cart¬ 
ridge  chemical  type  was  used.  Results  from  the  latter  should  be 
subjected  to  the  closest  scrutiny.  I  further  see  no  reason  why  the 
percent  nitrogen  and  oxygen  should  be  given  collectively  instead 
of  separately  in  the  ultimate  analysis  when  nitrogen  can  be  de¬ 
termined  by  the  Kjeldahl-Gunning  method.  The  oxygen  when 
separately  stated  can  be  used  in  checking  calculation  on  heat  value 
and  in  other  methods  of  arriving  at  heat  balance.  See  Coal ,  by 
Somermeier,  pages  14-29. 

A  careful  analysis  and  recalculation  of  the  unavoidable  losses 
in  the  heat  balance  disclose  no  discrepancies  or  irregularities.  As 
previously  stated,  the  method  of  obtaining  the  moisture  in  coal 
will  materially  affect  efficiencies,  since  it  has  direct  bearing  on  the 
weight  of  dry  coal  fired,  from  which  efficiency  is  calculated.  The 
methods  of  obtaining  moisture  content  cannot  lead  to  accurate 
results. 

That  the  efficiencies  obtained  are  too  high  is  further  proven 
by  the  low  radiation  and  unaccounted  for  losses,  these  averaging 
4.05  percent  for  the  ten  tests  and  being  as  low  as  2.35  percent. 
On  the  Delray  tests  with  Taylor  stoker  this  figure  averaged  2.81 
percent  and  for  the  Roney  stoker  2.72  percent. 

In  a  carefully  conducted  series  of  40  boiler  trials  varying  in 
duration  from  18  to  48  hrs.  on  a  1000  h.  p.  24  tube  high,  Babcock 
&  Wilcox  boiler  equipped  with  Taylor  stoker,  (B.  H.  Bump, 
Trans.  A.  S.  M.  E.,  1912),  the  radiation  loss  varied  from  4.75  to 
7.15  percent  and  averaged  5.92  percent.  This  is  almost  2  percent 
higher  than  the  figures  Mr.  Hunter  attained.  When  it  is  con¬ 
sidered  that  the  1000  h.  p.  B.  &  W.  boiler  had  its  walls  made  of 
9  in.  of  fire  brick  and  9  in.  of  porous  insulation  brick,  the  outside 
wall  being  painted  with  two  coats  of  boiler  pitch,  then  the  faces 
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of  the  front  and  side  walls  covered  with  85  percent  magnesia 
covering  4-inch  thick  and  the  top  half  of  the  drums  covered  with 
asbestos  board,  on  which  mineral  wool  was  packed,  the  whole 
boiler  then  being  incased  in  a  steel  casing,  a  practically  air-tight 
and  high-insulating  power  setting.  Furthermore,  the  temperature 
on  top  of  the  14th  tube  in  the  first  pass  varied  from  603  to  914 
deg.  Fahr.,  the  boiler  never  operated  above  127.7  percent  rating, 
and  only  a  small  part  of  the  walls  were  subject  to  furnace  tem¬ 
peratures,  these  being  well  protected  against  radiation ;  whereas 
Mr.  Hunter  has  at  least  1/3  of  the  wall  surface  in  his  unit  ex¬ 
posed  on  one  side  to  furnace  temperature,  as  the  temperature  in 
the  first  pass  does  not  materially  decrease,  it  can  readily  be  seen 
that  increased  radiation  loss  is  to  be  expected,  especially  since 
no  special  precautions  against  radiation  were  employed.  It  is 
shown  by  comparison  of  conditions  that  he  cannot  expect  to  at¬ 
tain  the  figures  attained  by  Mr.  Bump,  yet  he  has  surpassed  them. 
By  comparison  of  the  results  on  this  unit  to  the  results  on  the 
Delray  units  these  figures  are  again  shown  to  be  low. 

Another  feature  not  to  be  commended  is  obtaining  efficiency 
at  the  expense  of  flexibility  in  operation.  Unfortunately,  oper¬ 
ating  conditions  must  meet  load  conditions  and  not  vice  versa. 

Results  obtained  with  the  change  of  baffle  seem  to  indicate 
that  100  percent  over  rating  cannot  be  obtained  with  this  unit 
unless  the  stack  height  is  increased. 

As  shown  in  Fig.  12,  the  efficiencies  decrease  rapidly  with  in¬ 
creased  percent  rating.  This  was  not  the  case  in  the  Delray  tests 
with  underfeed  stoker,  where  higher  ratings  were  obtained.  Con¬ 
sidering  the  fact  that  we  have  been  able  to  obtain  69.2  percent 
efficiency  on  a  350  h.  p.  old-style  cast  iron  header,  B.  &  W.  boiler, 
when  operating  at  203  percent  rating  continuously  for  12  hours, 
with  an  underfeed  stoker,  producing  13.3  percent  black  smoke 
with  no  violations  of  Ordinance  No.  257,  the  performance  on  test 
No.  182  does  not  seem  so  favorable,  especially  since  smoke  was 
emitted  in  considerable  amount.  We  have  further  been  able  to 
obtain  with  this  unit  270  percent  rating  for  one  hour  and  236  per¬ 
cent  rating  for  six  hours  at  an  efficiency  of  62.3  percent,  with  an 
emission  of  12.2  percent  black  smoke  and  two  violations  of  Ordi¬ 
nance  No.  25 ,  in  six  hours.  Our  calorimeter  determinations  on 
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these  coal  samples  were  checked  by  the  Pittsburgh  Testing  Lab¬ 
oratory  to  within  0.003  percent,  the  samples  were  taken  and  pre¬ 
pared,  as  previously  outlined.  Altho  no  tests  were  conducted  at 
lower  ratings  on  this  unit,  the  results  obtained  lead  us  to  expect 
a  relatively  flat  percent  rating-efficiency  curve. 

On  this  same  type  of  boiler  equipped  with  a  natural  draft 
stoker  on  an  eight-hour  capacity  test  we  have  been  able  to  obtain 
64.2  percent  efficiency  at  190  percent  rating  and  emit  no  smoke  at 
any  time  in  violation  of  Ordinance  No.  257,  with  a  clean  stack 
95  percent  of  the  time. 

These  results  compare  very  favorably  with  the  results  sub¬ 
mitted  as  regards  efficiencies  and  from  general  data  submitted 
surpass  the  results  obtained  on  smoke  prevention. 

Figure  13  shows  that  in  order  to  obtain  high  ratings  with 
slow  chain  speeds  an  exceedingly  high  stack  would  be  required 
to  produce  draft  to  burn  sufficient  coal,  probably  on  account  of 
the  high  resistance  of  the  fuel  bed. 

Figure  14  shows  that  there  is  a  marked  increase  in  the  per¬ 
cent  combustible  in  the  ash  pit  refuse  when  operating  with  fast 
chain  speeds  at  which  speeds  this  unit  will  probably  operate. 
There  also  seems  to  be  a  definite  relation  between  percent  com¬ 
bustible  in  ash  pit  refuse  and  percent  rating. 

Mr.  J.  E.  Bell  :*  The  question  of  the  loss  of  draft  through 
this  Stirling  boiler  has  been  raised  two  or  three  times  and  the  ap¬ 
parent  inconsistency  in  the  difference  in  suction  between  the  dam¬ 
per  and  the  furnace  at  low  ratings  is  undoubtedly  perplexing  to 
most  anyone  who  has  not  had  much  to  do  with  this  form  of  baf- 
fling.  The  furnace  in  this  boiler  being  unobstructed  contains  a 
column  of  very  hot  gas,  some  18  ft.  high.  Considering  the  differ¬ 
ence  in  temperature,  the  draft  produced  by  such  a  column  is  about 
equivalent  to  that  produced  in  a  stack  50  to  60  feet  high  with  ordi¬ 
nary  flue  gas  temperatures  and  is  enough,  if  the  outlet  from  the 
boiler  is  restricted  and  the  weight  of  gas  passing  through  the  set¬ 
ting  is  small,  to  produce  a  pressure  at  the  top  of  the  furnace;  this 
pressure  may  be  sufficient  to  force  the  gas  through  the  boiler  and 
out  the  damper  opening.  The  furnace  in  the  Class  W  Stirling 
boiler,  such  as  is  installed  at  the  Delray  plant  of  the  Detroit  Edison 
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Company  and  in  the  Municipal  Electric  Plant  at  Cleveland,  is 
somewhat  similar,  but  higher.  In  some  tests  made  at  Delray  a  pres¬ 
sure  was  observed  at  the  top  of  the  furnace  of  0.05  in.,  while  there 
was  a  suction  over  the  fire  of  0.25  in.  At  the  low  rating  tests  at  the 
Municipal  plant  in  Cleveland  the  suction  in  the  furnace  was  about 
0.05  in.  and  at  the  top  of  the  furnace  a  pressure  sufficient  to  pro¬ 
duce  a  pressure  under  the  damper  of  0.1  in.  Each  pass,  of  course, 
in  the  boiler  acts  in  much  the  same  way,  the  down  passes  tending 
to  increase  the  draft  loss  and  the  up-passes  to  diminish  it. 

The  baffle  at  Yandergrift  was  not  designed  to  produce  a  mini¬ 
mum  draft  loss.  It  was  designed  to  absorb  the  maximum  amount 
of  heat  from  the  gases  and  it  would  appear  from  Mr.  Hunter’s 
paper  that  in  this  particular  it  answered  the  purpose.  At  the 
higher  ratings  the  draft  loss  is  almost  directly  proportional  to  the 
square  of  the  capacity,  and  if  a  greater  capacity  should  be  re¬ 
quired  from  a  boiler  with  this  baffle,  the  draft  available  at  the 
damper  must  be  increased  by  an  amount  this  rule  would  lead  to, 
as  well  as  by  the  amount  necessary  to  burn  the  additional  coal. 

The  Author:  Several  points  have  been  brought  up  in  the 
discussion  which  I  will  now  take  up.  Referring  first  to  the 
moisture  in  the  coal  sample.  The  box  in  which  the  coal  was 
weighed  was  of  such  a  size  that  not  more  than  two  boxes  were 
used  per  hour,  even  when  the  boiler  was  operated  at  its  maxi¬ 
mum  rating.  From  this  it  is  seen  that  the  samples  of  coal  would 
not  be  in  the  bag  any  longer  than  one-half  hour  before  being 
weighed.  Tests  were  made  to  determine  whether  there  was  any 
loss  in  moisture  by  holding  the  sample  in  the  bag  for  this  length 
of  time,  and  it  was  found  that  there  was  no  appreciable  loss.  At 
low  ratings  only  one  box  of  coal  was  used  per  hour,  so  that  the 
sample  of  coal  was  immediately  weighed  and  put  up  to  dry. 

In  answer  to  Mr.  Straub’s  question  as  to  the  amount  of 
smoke,  and  also  as  to  whether  the  boiler  would  come  within  the 
smoke  ordinance  of  the  City  of  Pittsburgh.  Observations  were 
made  of  the  quality  of  the  smoke  during  all  the  tests,  but  the 
character  of  the  smoke  was  not  recorded  according  to  Ringle- 
mann’s  Charts.  In  the  first  three  tests ;  that  is,  with  the  “Fast 
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Chain”  method  of  operation,  there  was  considerable  smoke,  and 
I  do  not  believe  that  the  boiler  would  have  complied  with  the 
smoke  ordinance  at  all  times.  In  the  rest  of  the  tests,  with  the 
“Slow  Chain”  method  of  operation,  the  stack  was  practically  free 
from  smoke  and  would  comply  with  the  smoke  ordinance  at  all 
times,  except  possibly  on  tests  conducted  at  capacities  below  the 
rating  of  the  boiler. 

In  test  No.  182  the  speed  of  the  grate  was  about  the  same  as 
in  test  Nos.  180  and  181 ;  that  is,  4*4  to  5  in.  per  minute.  All  the 
data  for  the  speed  of  the  chain  in  this  test  was  not  kept  so  that  the 
exact  speed  could  not  be  determined,  and  for  this  reason  it  was 
not  shown  in  the  results  of  the  tests. 

As  stated  in  the  report  the  analyses  of  the  coal  were  made  in 
the  laboratory  of  the  American  Sheet  &  Tin  Plate  Company.  The 
Chief  Chemist  of  the  Company  has  been  making  coal  analyses  for 
years  and  is  fully  acquainted  with  all  the  latest  methods  of  con¬ 
ducting  the  same.  An  Emerson  Bomb  Calorimeter  was  used. 
Several  determinations  of  the  heating  value  of  each  coal  sample 
were  made  in  order  to  insure  that  the  correct  heating  value  had 
been  determined. 

Mr.  E.  D.  Leland:*  Were  any  efforts  made  to  prevent 
radiations  ? 

The  Author:  No  particular  effort  was  made  to  prevent 
radiation ;  that  is,  the  brick  work  of  the  boiler  was  not  covered 
with  a  heat  insulating  material.  The  ends  of  the  drums  and  all 
exposed  pipes  were  covered  with  a  magnesia  covering.  As  near 
as  I  am  able  to  determine  from  the  information  I  have  and  also 
from  other  sources,  the  radiation  from  a  boiler  of  this  size  will 
not  exceed  one  percent.  The  remainder  of  the  losses  entered 
under  the  heading  of  Radiation,  etc.,  are  the  unaccountable  losses 
which  are  bound  to  arise  in  any  boiler  test.  If  these  losses  vary 
over  a  wide  range  it  would  tend  to  indicate  that  there  were  in¬ 
accuracies  in  the  tests.  As  was  brought  out  in  Mr.  Snyder’s  dis¬ 
cussion,  this  item  is  a  kind  of  sewer  in  which  all  unaccountable 
losses  are  bunched. 

Referring  to  Fig.  12,  shown  by  Mr.  Straub,  which  is  an 
efficiency  curve  from  tests  made  of  the  boilers  in  the  Delray  Sta- 
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tion  of  the  Detroit  Edison  Company:  It  hardly  seems  fair  to 
compare  efficiencies  obtained  from  chain  grate  stokers  with  those 
from  forced  blast  underfeed  stokers,  without  making  a  correc¬ 
tion  for  the  power  required  to  operate  the  stokers.  The  fol¬ 
lowing  table  shows  the  comparative  efficiencies  obtained  in  the 
Vandergrift  tests,  with  slow  chain  method  of  operation,  and  Del¬ 
ray  tests : 


VANDERGRIFT  TESTS 


DELRAY  TESTS 


Percent 

Slow  Chain  Method 

Rating 

Gross 

Net 

Gross 

Net 

Developed 

Efficiency 

Efficiency 

Efficiency 

Efficiency 

74 

79.82 

79.4 

80.2 

77.7 

110 

77.45 

77.1 

79.0 

76.4 

126 

76.00 

75 . 7 

78.5 

75.8 

148 

75.86 

75.6 

77.8 

75.0 

In  each  case  is  shown  the  gross  efficiency  and  net  efficiency ; 
that  is,  the  net  efficiency  after  the  steam  required  for  operating 
the  stoker  has  been  deducted.  From  this  table  it  is  seen  that  the 
net  efficiencies  with  the  slow  chain  method  of  operation  are 
slightly  higher  than  those  of  the  Delray  tests.  It  is  true  that  in 
some  cases  part  of  this  steam  which  is  required  for  the  operation 
of  the  stokers  can  be  recovered  in  the  feed  water  heater. 

Referring  further  to  the  comparison  between  these  tests  and 
the  Delray  tests,  we  would  call  attention  to  the  coal  used  in  the  two 
tests.  In  the  Delray  tests  the  heating  value  of  the  coal  varied 
from  13  965  B.  t.  u.  to  14  272  B.  t.  u.,  or  an  average  of  14  079  B. 
t.  u. ;  whereas  in  the  Vandergrift  tests  the  heating  value  of  the 
coal  varied  from  12  900  B.  t.  u.  to  13  616  B.  t.  u.,  or  an  average 
of  13  350  B.  t.  u.  The  average  percent  of  ash  in  the  coal  in  the 
Delray  tests  was  8.15  and  in  the  Vandergrift  tests  11.71. 

In  making  a  comparison  of  the  draft  loss  in  these  tests,  with 
those  of  the  underfeed  stoker,  it  should  be  kept  in  mind  that  the 
draft  loss  with  a  chain  grate  stoker  includes  not  only  the  loss 
through  the  boiler  but  also  through  the  fuel  bed.  While  with  the 
underfeed  stoker  the  air  is  forced  through  the  fuel  bed  by  means 
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of  a  fan,  and  all  the  stack  has  to  do  is  to  create  sufficient  draft  to 
overcome  the  loss  through  the  boiler  proper. 

Mr.  M.  Alpern  :  May  I  correct  Mr.  Hunter’s  last  remark, 
concerning  the  percentage  of  steam  used  by  the  forced  draft 
apparatus.  Mr.  Hunter  is  correct  when  he  says  that  from  2 
to  3  percent  of  the  steam  generated  is  used  in  the  forced  draft 
apparatus.  In  order  to  get  the  net  efficiency,  however,  only 
half  of  the  steam  used  may  properly  be  deducted,  because  at 
least  half  of  the  heat  in  the  steam  becomes  available  in  the 
feed  water  which  can  be  returned  to  the  boiler. 

It  is  practically  impossible  to  discuss  net  efficiencies.  For 
example,  in  the  chain  grate  tests  which  Mr.  Hunter  has  dis¬ 
cussed,  all  of  the  siftings  were  recovered  and  returned  to  the 
fuel  feeding  hopper.  There  are  less  than  25  percent  of  the 
plants  equipped  with  stokers  which  are  so  designed  that  part 
or  all  of  the  siftings  can,  in  practical  operation,  be  returned 
to  the  stoker  hopper.  A  discussion  of  net  efficiencies,  there¬ 
fore,  might  very  properly  exclude  the  siftings. 

Many  plants  are  equipped  with  economizers.  The  tem¬ 
perature  of  the  gases  and  the  quantity  of  the  gases  materially 
affect  the  performances  of  economizers.  A  discussion  of  net 
efficiencies  would  have  to  take  this  point  into  consideration. 

With  very  efficient  fan  apparatus,  the  actual  loss  in  energy 
will  not  exceed  1.25  percent.  In  the  tests  that  I  discussed, 
where  the  fans  were  particularly  efficient  and  were  driven  by 
motors,  the  loss  in  energy  was  only  1  percent.  Even  in  the  case 
of  the  Vandergrift  test  the  loss  in  energy  was  0.35  percent,  and 
this  was  considered  negligible. 

The  curves  shown  by  me  indicate  the  draft  lost  through 
the  fire  in  both  cases.  This  draft  loss  is  indicated  in  one  case 
by  the  total  draft  loss  and  in  the  other  case  by  the  draft  lost 
through  the  boiler  plus  the  forced  draft  pressure. 

The  purpose  in  showing  the  draft  curves  was  two-fold : 

First :  To  indicate  the  effect  mentioned  by  Mr.  Hunter; 
namely :  that  the  limitation  of  slow  chain  operation  was 
reached  at  150  per  cent  of  rating. 

Second :  To  indicate  the  very  important  consideration  of 
draft  lost  through  the  boilers.  When  high  outputs  from 
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boilers  are  desired,  it  is  necessary  to  provide  an  intensity  of 
draft  to  remove  the  gases  from  the  boiler.  Inasmuch  as  this 
varies  with  the  square  of  the  volume  of  gases,  the  intensity 
required  increases  rapidly  at  high  outputs.  The  draft  lost 
through  the  boiler  at  high  outputs  may  greatly  exceed  normal 
ideas  of  total  draft  required  and  therefore  becomes  a  very  im¬ 
portant  consideration  in  obtaining  high  outputs. 

A  further  important  consideration  is  setting  leakage  and 
too  much  attention  cannot  be  paid  to  it  in  normal  every-day 
plant  operation.  When  tests  such  as  those  shown  by  Mr. 
Hunter  are  made,  or  when  tests  such  as  those  shown  by  the 
writer  are  made,  boiler  settings  are  gone  over  with  the  great¬ 
est  care  and  every  possible  leak  patched  up.  It  is  only  by 
this  means  that  the  extremely  high  results  shown  can  be  ob¬ 
tained.  If  an  effort  is  made  to  duplicate  these  results,  the 
setting  must  be  maintained  in  the  same  condition  of  tightness. 
Comparatively  few  plants  give  this  factor  the  attention  it  re¬ 
quires. 

Mr.  A.  A.  Straub  :  In  regard  to  the  method  of  obtaining 
moisture  in  coal  samples,  I  beg  to  refer  Mr.  Hunter  to  my 
original  discussion  in  which  I  stated  that  the  moisture  loss 
due  to  leaving  the  sample  exposed  in  canvas  bags  was  proba¬ 
bly  eliminated  by  aggregating  the  sample  so  often. 

I  do,  however  contend,  and  my  statements  are  borne  out 
by  the  authorities  leferred  to,  that  samples  placed  on  top  the 
boiler  to  dry  without  being  crushed,  will,  when  crushed  down 
in  the  laboratory,  or  when  quartered  down  in  the  boiler  room 
absorb  moisture.  The  chemical  analysis  will  account  for  this 
moisture,  the  value  of  which  determination,  when  added  to 
the  moisture  figure  already  obtained,  will  give  a  moisture  con¬ 
tent  which  is  too  high. 

I  further  beg  to  call  Mr.  Hunter’s  attention  to  the  A.  S. 
M.  E.  code  which  calls  for  the  use  of  a  metal  receptacle  and 
the  preparation  of  a  special  moisture  sample. 

As  regards  curves  shown  in  Fig.  12.  These  curves  were 
plotted  to  show  the  general  character  of  the  curves,  as  was 
noted  in  my  original  discussion.  It  is  readily  acceded  that 
the  Delray  tests  is  about  one  percent  high  throughout  its  en- 
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tire  range,  if  the  heat  in  the  exhaust  steam  returned  to  the 
feed  water  is  accredited  to  the  stoker.  An  air  cooled  side  wall 
wind  box  can  be  used  with  the  underfeed  stoker  and  this  com¬ 
bination  eliminates  side  wall  clinker  trouble  besides  increasing 
the  temperature  of  the  entering  air.  (See  tests  by  B.  N. 
Bump,  Trans.  A.  S.  M.  E.,  1912).  These  curves  clearly  dem¬ 
onstrate  that  the  efficiency  of  the  unit  under  discussion  falls 
off  rapidly  with  increased  rates  of  driving,  which  was  not  the 
case  with  the  Delray  test. 

Mr.  J.  E.  Bell  :  The  method  of  determining  moisture 
described  in  Mr.  Hunter’s  paper  was  recommended  to  him  by 
my  Company  (The  Babcock  &  Wilcox  Co.)  and  had  been  used 
by  us  throughout  a  series  of  tests  extending  over  a  period  of 
nine  months  made  at  the  plant  of  the  Cleveland  Electric  Illu¬ 
minating  Company.  It  is  designed  particularly  to  correctly 
determine  the  moisture  when  the  coal  is  being  wet  down  in 
the  hoppers  before  it  is  weighed.  On  some  tests  the  moisture 
added  in  this  way  will  run  as  high  as  8  or  10  percent.  The 
moisture  adhering  to  the  surface  of  the  coal  readily  drains  off 
if  it  is  allowed  to  stand  and  to  a  large  extent  would  be  lost  if 
the  sample  is  taken  in  the  ordinary  way.  Putting  an  hourly 
sample  into  sacks  and  weighing  up  at  once  and  then  drying 
the  coal  in  the  sacks  makes  certain  that  very  little  moisture 
escapes.  The  preliminary  drying  is  not  such  that  the  coal  is 
bone  dry  or  that  the  moisture  is  driven  off  to  anything  like 
the  extent  that  it  is  when  the  chemist  determines  the  moisture 
finally.  If,  therefore,  the  coal  is  mixed  and  quartered  down 
in  a  dry  place  there  is  not  much  chance  of  its  absorbing  any 
noticeable  amount  of  moisture  from  the  air.  The  advantage 
of  feeling  certain  that  the  moisture  determination  is  correct  as 
well  as  the  advantage  of  having  coal  divided  up  into  hourly 
samples  will  be  apparent  to  anyone  familiar  with  the  precau¬ 
tions  necessary  in  obtaining  results  as  accurate  as  those  de¬ 
manded  in  an  investigation  such  as  is  covered  by  Mr.  Hunter’s 
paper.  The  method  when  used  intelligently  we  feel  is  unques¬ 
tionably  the  proper  way  to  determine  moisture.  The  differ¬ 
ence  between  moisture  determined  in  this  way  and  in  the  or¬ 
dinary  way  was  checked  up  in  a  number  of  cases  in  Cleveland 
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and  was  not  very  much,  although  our  method  of  determining 
the  moisture  showred  something  more  than  the  other. 

Mr.  O.  P.  Hood  :*  I  shall  not  enter  into  the  discussion 
except  to  point  out  one  other  place  which  needs  watching.  In 
computing  a  heat  balance  the  flue  temperatures  account  for 
a  relatively  large  item.  If  the  flue  temperatures  are  recorded 
lower  than  the  actual  facts  it  results  in  a  small  “unaccounted 
for”  loss.  If  flue  temperatures  are  taken  with  mercury  ther¬ 
mometers  which  are  not  protected  from  radiating  their  heat  to 
the  relatively  cold  drums,  tubes,  etc.,  the  thermometers  record 
a  lower  temperature  than  actually  exists  in  the  flue  gases.  It 
is  not  uncommon  to  record  higher  temperatures  in  the  breech¬ 
ing  than  in  the  last  pass  of  the  boiler  below  the  breeching — 
in  one  case  reported  to  me  a  difference  of  75  deg.  I  would 
like  to  ask  just  how  were  these  temperatures  taken. 

The  Author:  The  flue  gas  temperatures  were  taken  with 
mercurial  pyrometers  at  three  points.  The  temperatures  and 
samples  for  analyses  were  taken  at  the  same  points  in  order 
that  there  would  be  no  error  in  calculating  the  loss  up  the 
stack.  In  the  first  seven  tests  the  temperatures  and  samples 
for  gas  analyses  were  taken  in  the  breeching  of  the  boiler 
at  three  points  equally  distributed  across  it.  In  the  last  three 
tests  the  temperatures  and  samples  for  analyses  were  taken 
in  the  setting  below  the  damper.  This  change  was  made  be¬ 
cause  it  was  thought  possibly  that  the  samples  of  gas  from 
the  breeching  showed  a  higher  excess  oxygen  than  really 
existed,  due  to  leakage  around  the  bottom  of  the  stack  and  in¬ 
filtration  of  air  through  the  setting. 

Mr.  O.  P.  Hood  :  I  would  like  to  ask  whether  the  several 
gas  analyses  were  taken  simultaneously  across  the  gas  pas¬ 
sage  and  within  what  limits  do  they  check  each  other. 

The  Author:  The  gas  samples  were  not  taken  separately. 
One  combined  sample  was  drawn  from  the  three  pipes  for 
analysis.  Analyses  of  the  flue  gas  from  the  different  locations 
across  the  breeching  were  not  made. 

With  regard  to  the  radiation  from  the  drum  causing  the 
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pyrometers  to  show  lower  temperatures,  would  state  that  we 
have  the  following  data  covering  this  point:  In  test  No.  186 
the  pyrometer  in  the  center  location  in  the  breeching  showed  521 
deg.,  and  the  pyrometer  in  the  center  location  in  the  brick  setting 
below  the  boiler  damper  showed  525  deg.  In  test  No.  188  the 
pyrometer  in  the  center  location  in  the  breeching  showed  553 
deg.,  and  the  pyrometer  in  the  center  location  below  the  boiler 
damper  showed  568  deg.  This  data  would  not  indicate  that  the 
radiation  from  the  drums  had  very  much  influence,  as  the  pyrom¬ 
eters  in  the  lower  location  showed  higher  temperatures  in  each 
case. 

With  regard  to  the  point  brought  up  by  Mr.  Snyder  relative 
to  the  low  stack  draft  in  test  No.  189,  in  this  test  it  was  neces¬ 
sary  to  partially  close  the  stack- damper  in  order  to  get  the  low 
rating  desired.  In  all  of  the  other  tests  the  draft  was  con¬ 
trolled  by  the  boiler  damper.  The  point  at  which  the  stack  draft 
was  taken  was  below  the  stack  damper  so  that  the  stack  draft  in 
this  test  was  really  not  the  total  draft  available. 

Mr.  E.  D.  Leland  :  What  particular  type  of  baffling  did 
you  use  and  what  precautions  did  you  use  to  make  the  baf¬ 
fling  tight? 

The  Author:  The  baffles  were  carefully  inspected  and 
made  tight  before  the  tests  were  started.  Cemented  joints 
were  not  used,  but  where  any  cracks  were  discovered  they 
were  cemented  up. 

A  Member:  I  would  like  to  ask  the  method  of  supporting 
those  baffles ;  and  also  the  paper  did  not  give  sufficient  infor¬ 
mation  as  to  a  comparison  of  three-pass  and  five-pass  boilers. 
In  your  opinion  is  the  five-pass  warranted  due  to  the  upkeep 
of  the  additional  passes?  The  stack  temperatures,  according 
to  the  discussion  of  one  of  the  gentlemen,  were  not  very  much 
lower  in  the  five-pass  than  in  the  three-pass.  Have  you  any 
information  on  that? 

The  Author  :  No  tests  were  made  on  this  boiler  as  a  three- 
pass  boiler.  The  only  difference  in  the  baffling  is  that  shown 
in  dotted  and  solid  lines  on  the  drawing  of  the  boiler.  I  do 
not  have  any  comparison  of  stack  temperatures  with  this  ar- 
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rangement  of  baffles  and  with  the  standard  three-pass  baf¬ 
fling.  I  do  not  recall  ever  having  seen  any  stack  temperatures 
with  the  standard  baffling  as  low  as  those  obtained  from  this 
special  arrangement  of  the  baffles. 

A  Member:  How  were  the  baffles  supported? 

The  Author:  The  baffles  were  supported  by  the  tubes. 
The  cross  baffles  between  the  last  bank  of  tubes  was  sup¬ 
ported  by  an  angle  iron. 

Mr.  B.  H.  Noland:*  I  would  like  to  ask  how  Mr.  Hunter 
picks  up  a  sudden  overload  with  his  slow  chain  method. 

The  Author:  The  manner  of  picking  up  sudden  over¬ 
loads  with  this  method  of  firing  I  believe  was  brought  out 
pretty  clearly  in  Mr.  Wolff’s  discussion.  I  have  not  had  any 
experience  along  this  line  as  it  is  our  practice  to  operate  these 
boilers  at  the  maximum  capacity  which  can  be  obtained  with 
the  “Slow  Chain”  method  of  firing. 

Mr.  B.  H.  Noland:  How  long  does  it  take  to  go  from  one 
chain  speed  to  another?  In  other  words  if  you  want  steam  in 
a  hurry  how  do  you  get  it? 

The  Author:  At  our  Yandergrift  Works  we  have,  in 
addition  to  these  Stirling  Boilers,  some  other  boilers  from 
which  it  is  not  possible  to  obtain  such  high  efficiencies.  It  is 
our  practice  to  operate  the  Stirling  boilers  as  near  their  max¬ 
imum  capacity  and  efficiency  as  possible,  and  to  use  the  other 
less  efficient  boilers  to  take  care  of  the  fluctuations  in  the  load. 
However,  if  sufficient  draft  were  available  on  the  Stirling 
boilers,  additional  capacity  could  be  obtained  by  opening  the 
damper  and  feeding  more  coal  on  the  grate. 

Mr.  B.  H.  Noland:  If  the  load  goes  up  50  percent  in  an 
hour  and  you  are  running  all  boilers  under  slow  chain  method, 
what  procedure  would  you  use? 

The  Author:  If  it  became  necessary  to  obtain  more  than 
150  percent  of  rated  capacity  from  these  boilers  the  method  of 
operation  would  have  to  be  changed  from  the  “Slow  Chain” 

•Boiler  Room  Superintendent,  Brunots  Island  Power  Station,  Du- 
quesne  Light  Co.,  Pittsburgh. 
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method  to  that  of  the  “Fast  Chain”  method.  I  do  not  know  the 
exact  time  it  would  require  to  make  this  change — probably  half 
an  hour  would  be  sufficient. 

Mr.  Vincent:  Is  not  the  radiant  heat  of  your  hydrocarbon 
fuel  bed  cut  directly  off  your  tubes,  and  the  last  two-thirds  of  the 
grate  hydrocarbon  heat?  Your  volatile  gases  from  the  coal  come 
off  under  the  arch  and  back  of  the  arch  is  hydrocarbon  fire. 

The  Author:  Referring  to  Fig.  2  showing  the  profile  of 
the  fuel  bed :  The  volatile  gases  from  the  coal  are  distilled  off 
very  slowly  over  the  front  portion  of  the  grate,  giving  a  gas  rich 
in  hydro-carbon  with  insufficient  oxygen  for  complete  combustion. 
At  the  thin  place  in  the  fire  bed  a  hot  gas  containing  an  excess  of 
oxygen  is  produced.  Due  to  the  construction  of  the  arch  and 
furnace  these  gases  are  mixed  so  that  very  complete  combustion 
is  obtained  with  a  small  excess  of  oxygen. 

Mr.  B.  H.  Noland:  What  percentage  of  the  coal  dropped 
through  the  grate? 

The  Author:  The  coal  which  dropped  through  the  grate 
was  not  separately  weighed.  It  was  reclaimed  and  refired  once 
each  hour. 

Mr.  W.  H.  White*  :  The  gentlemen  on  the  right  asked 
about  the  way  we  handle  our  peak  loads.  I  can  explain,  from 
personal  observation,  how  we  handle  our  load  at  Vandergrift. 
I  was  always  in  favor  of  a  fast  grate  speed — say  about  4  in.  grate 
speed  per  minute.  That  used  to  be  our  regular  practice  until 
after  this  series  of  tests  were  made  with  a  slow  grate  speed,  which 
we  found  gave  us  better  results  than  we  were  able  to  get  with  the 
fast  grate  speed.  The  slow  grate  will  require  more  careful  at¬ 
tention,  on  the  part  of  the  stokerman,  than  a  fast  grate.  If  the 
fire  gets  away  from  a  good  operating  condition,  through  holes 
in  the  fire,  it  will  take  the  stokerman  more  time  to  get  it  in  good 
condition  again,  owing  to  the  slow  grate  speed. 

We  never  get  peak  loads,  but  at  times  our  blooming  and  bar 
mill  engines  are  shut  down  and  from  six  to  seven  thousand  horse 
power  will  drop  off  and  may  remain  off  for  ten  minutes  to  one 

♦Superintendent  Boiler  Department,  Vandergrift-Apollo  Works, 
American  Sheet  and  Tin  Plate  Company. 
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hour.  When  they  start  up  they  will  run  the  same  as  if  they  had 
not  been  stopped.  That  is  the  time  we  find  it  hard  to  keep  our 
steam  pressure  from  falling. 

All  of  our  Stirling  boilers  are  equipped  with  General  Elec¬ 
tric  Company  steam  flow  meters.  I  have  often  watched  the  flow 
meter  and  tried  to  make  one  boiler  pick  up  and  deliver  a  sudden 
increase  of  steam.  The  chain  would  be  running  at  the  slow  rate, 
carrying  a  deep  fire,  with  the  flow  meter  indicating  700  h.  p., 
with  a  draught  of  0.60  in.  water.  It  is  easy  to  increase  the  output 
to  800  h.  p.  by  simply  increasing  the  draught  to  0.80  in.  water. 
More  draught  will  give  greater  horse  power,  but,  of  course,  you 
will  have  to  watch  and  not  keep  this  high  draught  on  more  than 
five  or  six  minutes  without  firing  more  coal  to  make  up  for  the 
higher  rate  of  consumption. 

Besides  the  seven  Stirling  boilers  just  referred  to,  we  have 
another  boiler  house  fitted  with  older  and  less  efficient  boilers,  and 
we  use  these  to  take  the  variable  load  when  the  bar  mill  goes  off 
and  on  suddenly.  The  steam  pressure  controls  the  dampers  and 
the  grate  speeds  on  these  old  boilers. 


CORRESPONDENCE 

Prof.  R.  H.  Danforth  :*  I  regret  my  inability  to  agree 
with  several  of  the  premises  and  conclusions  stated  in  this  paper. 
In  the  interest  of  good  engineering,  I  submit  my  analysis  of  the 
data,  expecting  that  if  I  am  in  error  the  fault  in  my  reasoning 
will  be  pointed  out  by  the  author  in  his  closure.  Could  I  have 
been  present  when  the  paper  was  read,  the  details  on  which  the 
author  and  I  differ  could  have  been  much  better  cleared  up,  than 
they  are  likely  to  be  in  even  the  most  carefully  prepared  written 
discussion. 

In  the  diagram  showing  profile  of  fuel  bed,  Fig.  2,  I  cannot 
conceive  how  such  a  uniform  thickness  of  fuel  bed  as  is  indi¬ 
cated  by  the  dotted  line  marked  “Fast  Chain”  can  be  obtained 
with  any  method  of  operation.  In  a  chain  grate  stoker,  exactly 
as  in  any  other  form  of  progressive  feed  stoker,  a  certain  thick¬ 
ness  of  fuel  is  spread  on  the  traveling  grate  surface  as  it  passes 

♦Professor  of  Mechanics  and  Hydraulics,  Case  School  of  Applied 
Science,  Cleveland,  Ohio. 
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the  hopper  mouth.  This  thickness  is  regulated  by  the  height  of 
the  grate.  As  the  coal  passes  into  the  furnace,  distillation  of  the 
volatiles  takes  place,  followed  by  combustion  of  the  carbon ;  and 
if  the  conditions  were  ideal,  nothing  would  remain  on  the  grate 
surface  at  the  water-back  or  ash-dump  but  ash,  amounting  to 
some  15  percent  by  weight  and  possibly  30  percent  in  bulk,  of 
the  original  coal ;  and  this  ash  certainly  will  not  form  as  thick 
a  bed  as  did  the  original  coal.  I  think  that  the  line  marked  “Slow 
Chain,”  in  the  diagram,  very  closely  represents  the  thickness  of 
the  fuel  bed  at  different  points  on  the  grate,  with  any  possible 
system  of  operation  of  the  stoker. 

What  appears  to  have  been  actually  accomplished  by  the 
change  in  operation  from  so-called  “Fast  Chain”  method  to  “Slow 
Chain”  is  to  concentrate  the  distillation  and  carbon  combustion 
on  the  front  two-thirds  of  the  grate,  running  a  spot  near  the  ash 
dump  practically  free  from  everything  except  hot  ash,  which 
acted  as  an  excellent  preheater  for  air  coming  through  from 
below.  The  distillation  and  partial  combustion  of  the  coal  being 
accomplished  near  the  front  end  of  the  arch,  the  resultant  gases 
would  pass  back  in  an  approximately  horizontal  direction,  strongly 
heated  by  the  radiation  from  the  arch,  and  would  meet  the  vig¬ 
orous  vertical  current  of  preheated  air,  which,  owing  to  its 
difference  in  direction,  would  be  quite  completely  mixed  with 
the  combustible  gas,  with  resultant  intense  combustion  in  the 
upper  part  of  the  fire-box  amounting  almost  to  a  continuous 
explosion,  as  is  shown  by  the  fact  that  draft  readings  for  tests  187 
and  189  with  damper  nearly  closed  show  outward  instead  of 
inward  pressures  at  gauge  No.  2. 

This  analysis  is  corroborated  by  the  statement  that  the  “Slow 
Chain”  operation  could  not  be  used  beyond  150  percent  rating. 
The  reason  was  either  that  gate  would  not  allow  the  feeding  of  a 
sufficiently  heavy  layer  of  coal  so  that  more  than  about  28  lb.  per 
sq.  ft.  per  hour  could  be  burned,  or  what  is  more  likely,  the  lower 
portion  of  the  extremely  heavy  bank  of  coal  did  not  get  hot 
enough  to  start  distillation  until  it  arrived  near  the  center  of 
the  fire,  and  as  this  distillation  would  require  the  greater  part  of 
the  available  air,  the  carbon  would  pass  over  with  the  ash 
unburned. 
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To  check  this  theory,  let  us  arrange  the  data  for  “Com¬ 
bustible  in  the  Ash”  for  the  various  tests  in  the  order  of  “Percent 
of  Rating  Developed,”  as  follows : 


%  Rating 

Combustible 

Test  No. 

Developed 

in  Ash,  %. 

189 

74.0 

20.67 

187 

88.8 

21.89 

185 

109.6 

21.23 

183 

112.4 

24.67 

184 

124.7 

34.89 

186 

125.7 

23.71 

188 

147.8 

17.86 

180 

165.1 

33.14 

182 

176.1 

41.63 

181 

194.8 

37.65 

From  this  tabulation  it  would  appear  as  if  the  method  of 
operation  had  been  changed  from  “Slow  Chain”  for  the  first  five 
tests  to  “Fast  Chain”  for  the  last  five,  the  change  coming  at  the 
dotted  line  in  the  tabulation.  The  data  given  for  tests  No.  184 
and  No.  188  does  not  seem  to  be  in  harmonv  with  the  figures  from 
the  rest  of  the  tests,  which  fact  tends  to  discredit  these  tests, 
and  this  doubt  in  the  reliability  of  tests  No.  184  and  No.  188  is 
strengthened  later  in  the  analysis. 

For  the  purpose  of  determining  how  much,  if  any,  the 
changes  in  baffling  and  in  stoker  operation  had  affected  the  results 
obtained  from  the  installation,  I  have  plotted  three  curves,  Fig. 
15,  which  I  have  marked  “Overall  Efficiency,”  of  furnace  and 
boiler  combined,  which  is  what  is  usually  called  the  “Efficiency” 
curve,  taking  the  data  from  the  last  column  of  Table  No.  8  of  the 
report,  “Furnace  Efficiency,”  which  is  the  sum  of  columns  1,  2, 
6,  8  and  9  of  Table  No.  2  of  the  report,  and  which  represents 
practically  all  the  heat  actually  released  from  the  coal  in  the  fur¬ 
nace,  the  “sensible  heat” — and  the  “Heating  Surface  Efficiency,” 
representing  the  figures  from  Column  1  of  Table  No.  2  of  the 
report,  and  showing  the  portion  of  the  heat  in  the  coal  which 
actually  passes  through  the  heating  surface  of  the  boiler  to  make 
steam.  These  three  sets  of  data  are  plotted  on  a  base  of  pounds 
of  coal  burned  per  hour,  and  if  the  B.  t.  u.  content  of  the  coal, 
shown  in  Column  5  of  Table  No.  3  were  constant,  would  repre- 
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sent  actual  efficiencies  at  various  steaming  rates. 

Several  interesting  facts  are  shown  by  this  set  of  curves. 

First :  The  points  representing  the  short  time  tests,  No.  180, 
No.  181  and  No.  182,  lasting  respectively  10,  10  and  12  hours, 
are  much  farther  away  from  the  average  curves  than  are  the 
points  for  any  of  the  long  tests  running  24  hours  or  more,  indi¬ 
cating  the  usual  untrustworthiness  of  short-time  boiler  tests. 

Second :  The  curve  of  “Overall  Efficiency”  which  repre¬ 
sents  the  tests  at  low  ratings  with  a  maximum  deviation  of  less 
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than  one  percent  represents  the  short  tests  at  high  ratings  with 
the  “Fast  Chain”  method  of  operation  of  the  grates  quite  as  well 
as  it  does  the  tests  at  intermediate  ratings  with  the  “Slow  Chain” 
grate  system,  the  deviation  of  individual  tests  from  the  curve 
being  not  much  over  I  percent.  In  fact,  the  points  for  tests  No. 
184  and  No.  188,  already  mentioned  as  of  doubtful  accuracy,  are 
further  from  the  curve  than  any  one  of  the  short  test  points.  The 
general  shape  of  the  curve  of  “Overall  Efficiency”  is  in  accord 
with  experience  as  well  as  with  theory ;  we  all  recognize  the  fact 
that  as  the  output  of  a  boiler  and  furnace  combination  is  increased 
the  efficiency  is  decreased,  principally  because  the  coal  cannot  be 
completely  burned  for  lack  of  air ;  and  that  as  the  rating  is  in¬ 
creased  this  difficulty  becomes  more  and  more  pronounced,  and 
the  efficiency  curve  slopes  downward  more  and  more  rapidly. 
It  has  even  been  possible  with  some  modern  boilers  burning  oil 
fuel  to  reach  the  point  where  capacity  could  not  be  increased  at 
all  by  feeding  additional  fuel,  which  merely  vaporized  and  went 
up  the  stack,  producing  nothing  except  dense  clouds  of  black, 
greasy  smoke. 

Third :  The  points  indicating  “Furnace  Efficiency”  are  fairly 
on  the  line  drawn  to  represent  them,  with  the  exception  of  the 
three  short  tests,  No.  180,  No.  181  and  No.  182,  and  of  tests  No. 
184  and  No.  188,  which  I  have  already  mentioned  as  of  doubtful 
accuracy.  The  shape  of  the  “Furnace  Efficiency”  curve  is  based 
upon  much  the  same  line  of  reasoning  as  is  that  of  the  “Overall 
Efficiency”  curve  described  above.  The  droop  in  the  left  end  of 
the  curve  is  probably  due  to  the  fact  that  the  coal  lost  through 
the  grate  in  such  form  that  it  cannot  be  reclaimed  is  dependent 
upon  the  area  of  the  grate  covered  by  coal,  and  not  upon  the 
amount  of  coal  fired,  and  so  is  a  greater  percentage  loss  at  low 
than  at  high  ratings. 

Fourth :  The  curve  representing  “Efficiency  of  Heating 
Surface”  is  within  0.005  percent  of  the  inidvidual  points  for  all 
tests  of  24  hours’  duration  or  more,  except  tests  No.  183  and  No. 
184,  and  is  within  1  percent  of  these.  It  may  therefore  be  fairly 
considered  to  show  the  probable  results  of  operation  if  we  could 
eliminate  testing  errors.  It  is  certainly  closer  than  the  margin  of 
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“Radiation  and  Unaccounted-for  Losses,”  Column  9,  Table  No.  2, 
wfflich  is  mentioned  as  indicating  the  reliability  of  the  data  in  the 
paper.  The  three  points  for  the  short  tests,  No.  180,  No.  181  and 
No.  182,  deviate  from  this  curve  more  than  do  the  other  points, 
as  in  previous  cases,  discussed,  but  even  their  deviation  does  not 
exceed  the  amount  shown  in  the  “Radiation”  column  of  Table 
No.  2. 

Fifth :  The  points  representing  “Furnace  Efficiency”  for 
tests  No.  184  and  No.  188  deviate  about  equally  far  from  the 
curve,  but  in  opposite  directions,  while  the  points  representing  the 
same  tests  on  the  “Heating  Surface  Efficiency”  curve  are  quite 
close  to  the  line.  I  am  therefore  inclined  to  think  that  there  has 
been  some  mistake  in  determining  the  unconsumed  carbon  for 
these  two  tests.  This  belief  is  confirmed  by  the  tabulation  in  the 
early  part  of  my  discussion,  of  “Combustible  in  Ash,”  arranged 
in  order  of  “Percent  of  Rating  Developed.” 

As  a  result  of  this  analysis  of  the  data  presented,  I  cannot 
agree  that  any  material  gain  in  efficiency  due  to  the  “Slow  Chain” 
method  of  stoker  operation  has  been  proved.  Conclusive  proof 
can  only  be  obtained  by  running  a  series  of  tests  at  ratings  from 

75  to  125  percent  of  rated  capacity,  and  superposing  the  data 
thus  obtained  on  that  already  published.  If  the  “Slow  Chain” 
is  a  real  improvement,  the  new  points  will  lie  materially  above 
those  already  plotted,  on  the  curve  of  “Furnace  Efficiency.”  In 
a  similar  way  the  improvement  due  to  the  change  in  baffling  must 
be  shown.  If  any  such  gain  exists,  it  is  obscured  in  the  present 
data  by  testing  errors. 

The  plant  described  in  the  paper  needs  no  new  method  of 
operation  of  the  stokers  or  special  form  of  baffling  to  make  it 
worthy  of  notice,  however.  An  installation  of  600  h.  p.  boilers 
with  chain  grate  stokers  which  will  give  25  percent  overload  with 

76  percent  efficiency,  without  any  unusual  features,  is  well  worth 
the  attention  of  the  members  of  this  society.  Let  us  hope  that 
the  plant  will  be  able  to  keep  up  its  good  record. 

The  Author:  In  reply  to  Mr.  Danforth,  I  regret  exceed¬ 
ingly  that  he  was  not  present  when  the  paper  was  presented,  for 
I  believe  that  most  all  the  points  he  has  brought  up  were  answered 
at  that  time.  For  Mr.  Danforth’s  information  I  would  suggest 
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that  he  purchase  a  pair  of  blue  glasses  and  visit  Mr.  Wolff’s  plant, 
in  his  own  city,  where  he  can  see  the  “Slow  Chain”  method  in 
operation. 

The  accuracy  of  bests  Xo.  184  and  Xo.  188  is  questioned 
because  the  combustible  in  the  ash  for  these  tests  does  not  coincide 
with  a  theory  that  the  combustible  should  increase  as  the  percent 
of  rating  developed  is  increased.  With  regard  to  the  accuracy 
of  the  sampling  of  the  ashes  I  would  refer  Mr.  Danforth  to  Mr. 
Snyder’s  discussion. 

In  regard  to  the  theory  I  will  give  the  results  of  a  few  more 
of  the  tests  which  were  made  on  this  boiler: 


Percent  Rating 

Combustible  in 

Percent 

Developed. 

Ash,  Percent. 

Efficiency. 

140 

46.1 

69 

151 

42.1 

71 

159 

49.7 

69 

172 

40.2 

71 

179 

39.4 

69 

These  results  I  believe  show  conclusively  that  there  is  no 
relation  between  percent  of  rating  developed  and  the  percent  com¬ 
bustible  in  the  ash. 

The  above  tests  were  all  made  with  the  “Fast  Chain”  method 
of  operation,  and  are  consistent  with  the  other  tests  in  that  the 
efficiencies  obtained  are  about  four  or  five  percent  lower  than 
those  obtained  with  the  “Slow  Chain”  method  of  operation. 

The  first  two  tests  in  this  table  show  an  average  efficiency  of 
70  percent  with  the  boiler  operated  at  about  150  percent  of  rated 
capacity.  These  tests  can  be  used  to  give  the  comparison  desired 
by  Mr.  Danforth  to  show  the  advantage  of  the  “Slow  Chain” 
method  of  operation,  for  we  have  a  test,  Xo.  188,  with  the  boiler 
operated  at  the  same  rating  and  with  the  “Slow  Chain”  method 
of  operation,  in  which  the  efficiency  was  7  5.80  percent. 


TIIE  RELATION  OF  EDUCATIONAL 
TRAINING  TO  THE  PRACTICE 
OF  ENGINEERING. 

By  William  H.  Burr.* 

The  educatonal  training  of  engineers  has  developed  with 
great  rapidity  during  the  past  fifty  years  and  the  varieties  of  that 
training  have  become  almost  as  numerous  as  the  individuals  who 
have  had  the  controlling  influence  in  shaping  the  various  courses 
of  engineering  study  throughout  the  country.  In  the  early  days 
of  some  of  the  older  and  more  prominent  curricula  this  edu¬ 
cational  training  was  largely  of  an  abstract  scientific  character 
formulated  without  much  regard  to  the  actual  work  performed  by 
engineers  in  the  practice  of  their  profession,  but  including  effect¬ 
ively  the  broad  general  principles  underlying  what  may  be  termed, 
for  a  better  expression,  engineering  science.  It  is  probable  that 
Rankine’s  Applied  Mechanics  is  the  most  representative  and  best 
adapted  book  ever  used  in  English-speaking  countries  in  the 
early  engineering  schools.  The  instruction  given  in  such  courses 
of  study  was  not  emphasized  and  enforced  by  as  many  practical 
applications  in  the  shape  of  suitable  problems  as  would  now  be 
considered  necessary  for  effective  educational  work.  Yet  nearly 
all  the  essentially  fundamental  principles  employed  in  the  most 
varied  engineering  practice  of  the  present  day  were  thoroughly 
grounded  in  the  minds  of  the  students  at  that  time.  It  is  a  fact, 
moreover,  that  no  branch  of  the  engineering  profession  has  ever 
had  more  luster  shed  upon  it  than  by  the  professional  practice  of 
eminent  engineers  during  the  past  fifty  years  whose  early  educa¬ 
tional  training  was  characterized  by  such  intense  and  unadulterated 
theory. 

Manifestly  the  results  of  those  remarkable  advances  in  sci¬ 
ence  which  form  essentially  the  basis  of  the  great  specialties  of 
electrical  and  mechanical  engineering,  especially  in  the  most  ad- 
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vanced  development  and  application  of  power,  were  not  included 
in  the  early  educational  training  in  engineering  theory.  It  is  a 
rather  remarkable  fact,  however,  that  the  so-called  theoretical 
training  proved  on  the  whole  apparently  as  effective  preparation 
for  professional  practice  as  the  far  more  vocational  training  of 
the  present  time.  Furthermore,  it  is  highly  significant,  if  not  even 
more  remarkable,  that  in  Great  Britain,  where  for  many  years 
the  system  of  apprenticeship  was  considered  absolutely  essential 
for  the  preparation  of  a  young  engineer  in  beginning  his  pro¬ 
fessional  work,  this  intensely  practical  system  has  already  largely 
yielded  to  the  training  of  the  engineering  school.  In  fact,  during 
the  past  half  dozen  years  the  Institution  of  Civil  Engineers  has 
taken  up  this  question  by  Committee  action  for  the  purpose  of 
determining  as  far  as  possible  what  is,  or  may  be,  the  best  pro¬ 
cedure  for  the  prospective  young  engineer  to  acquire  his  edu¬ 
cational  training.  While  there  has  naturally  been  a  great  variety 
of  opinion  expressed  in  these  investigations,  it  may  be  justly 
stated  that  the  whole  trend  of  the  best  English  engineering 
judgment  is  in  the  direction  of  a  thorough  educational  training, 
including  the  acquisition  of  those  species  of  knowledge  available 
to  the  engineering  profession  in  all  branches  of  science  into  which 
the  most  advanced  research  has  penetrated,  and  which  may  he 
grouped  under  the  general  head  of  engineering  science. 

As  far  as  this  movement  has  proceeded  in  Great  Britain  it 
is  simply  parallel  to  and  abreast  of  the  general  principles  which 
have  governed  the  education  of  engineers  in  this  country  from 
the  first.  The  training  of  young  men  for  the  profession  of  engi¬ 
neering  in  Great  Britain  has  probably  not  lost  much  if  any  of  its 
real  practical  characteristics,  but  there  has  been  a  gradual  read¬ 
justment  so  as  to  increase  and  give  to  a  considerable  extent  at 
least  a  prior  position  in  time  to  the  educational  training.  In  fact, 
in  America,  even  before  the  present  vocational  trend  had  become 
so  marked,  the  importance  of  an  early  touch  with  the  actual  affairs 
of  the  profession  was  never  underestimated.  As  a  matter  of  fact, 
the  first  two  or  three  years  of  the  practical  work  of  the  young 
American  engineer  has  not  been  materially  different  from  the 
best  apprenticeship  or  other  similar  work  of  the  young  English 
engineer,  but  it  has  not  been  distinctly  segregated  or  named  and 
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he  has  received  a  small  compensation  commensurate  with  his 
usefulness. 

All  this,  it  may  be  stated,  is  true  enough  but  quite  general, 
and  is  not  significant  as  to  any  special  relation  between  the  edu¬ 
cational  training  of  an  engineer  and  his  subsequent  professional 
work,  but  that  statement  is  based  on  a  superficial  view  of  the 
matter.  A  little  careful  analysis  of  the  actual  facts  disclosed  by 
the  past,  not  only  in  this  country  but  abroad,  will  show  results 
as  interesting  as  significant. 

The  oldest  engineering  school  in  this  country  forty  years  ago, 
or  more,  administered  a  curriculum  in  which  the  only  attempt  to 
do  practical  engineering  work  throughout  its  four  years  was  a  lim¬ 
ited  amount  of  surveying.  Its  educational  training  included  a  thor¬ 
ough  analytic  or  scientific  treatment  of  the  subject  of  hydraulics, 
an  equally  thorough  analytic  treatment  of  earth  pressure  and  its 
applications  to  such  structures  as  retaining  walls  and  arches,  a 
comprehensive  mathematical  treatment  of  the  elasticity  and  re¬ 
sistance  of  materials,  a  similar  treatment  of  the  theory  of  bridges 
and  girders  extended  in  that  field  of  instruction  so  far  as  it  had 
been  developed,  the  subject  of  railroads  and  railroad  structures, 
a  thoroughly  mathematical  treatment  of  astronomy,  including  its 
applications  to  geodesy  so  far  as  engineering  work  required,  an 
intensely  mathematical  treatment  of  heat  and  heat  engines,  of 
which,  of  course,  the  steam  engine  was  the  prominent  prime 
mover,  a  similar  treatment  of  all  varieties  of  water  wheels  and 
hydraulic  engines  and  a  modest  general  course  in  physics,  as 
well  as  a  reasonable  amount  of  chemistry,  with  thorough  courses 
in  calculus,  and  analytic  mechanics,  as  the  bases  of  the  course  in 
engineering  structures  and  motors,  but  all  this  was  practically 
without  any  vocational  coloring  whatever.  A  similar  observation, 
and  perhaps  precisely  the  same  observation,  could  be  made  in  re¬ 
gard  to  other  courses  of  engineering  study  existing  in  this  country 
at  that  time.  The  important  fact  about  all  this  purely  theoretical 
educational  training,  whose  significance  seems  to  be  absolutely  lost 
at  the  present  time,  is  that  in  spite  of  all  the  purely  mathematical 
and  theoretical  work  which  was  done  in  the  engineering  schools 
in  that  early  day,  to  the  exclusion  of  practically  all  vocational 
features,  they  turned  out  engineers  who  adapted  themselves 
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alertly  to  every  advance  or  progress  in  engineering  science,  and 
in  all  science,  and  who  developed  the  practical  operations  of  their 
professional  work  by  the  aid  of  those  advances  promptly  and 
effectively  to  such  an  extent  that  their  professional  attainments 
have  not  been  excelled  in  effectiveness,  in  economy,  nor  in  any 
other  respect  by  the  later  products  of  the  engineering  schools. 
It  would  be  invidious  and  offensive,  probably,  to  mention  names, 
although  they  could  easily  be  spoken.  These  engineers,  as  evi¬ 
denced  by  the  construction  and  administration  of  great  railroad 
lines,  great  bridges,  water  works  and  other  public  works,  and  by 
the  manufacture  and  application  of  power,  not  only  had  the 
capacity  to  develop  the  purely  technical  side  of  all  their  operations, 
but  in  many  instances  they  exhibited  extraordinary  administrative 
capacity.  In  other  words,  in  their  professional  operations,  where 
they  have  had  extended  or  broad  responsibilities,  to  discharge, 
they  have  shown  capacity  for  organization  and  the  executive 
quality  to  an  extent  not  even  now  often  associated  with  profes¬ 
sional  talent,  yet  in  no  small  respect,  even,  has  the  technical  work 
of  these  men  been  found  defective.  Indeed,  some  of  the  best  tech¬ 
nical  developments  known  to  the  engineering  profession  in  this 
country  have  been  accomplished  in  the  organizations  created  and 
conducted  by  them. 

It  cannot  reasonably  be  contended  that  the  educational  train¬ 
ing  of  such  men  has  had  no  effect  upon  their  engineering 
attainments,  and  that  what  they  have  done  in  a  broad,  practical 
way  has  been  accomplished  in  spite  of  the  handicap  of  a  theoreti¬ 
cal  education.  At  any  rate,  no  material  evidence  has  ever  been 
adduced  in  support  of  such  a  proposition,  although  we  have  all 
frequently  heard  the  flings,  sometimes  rather  contemptuous,  which 
have  from  time  to  time  been  directed  to  the  “theoretical”  or  the 
“mathematical”  engineer.  As  a  matter  of  fact,  these  men,  like 
other  men,  have  accomplished  what  they  have  done  largely  by  the 
aid  of  the  educational  influences  to  which  they  were  subjected. 
Obviously,  no  educational  training,  nor  any  other  training,  'can 
create  a  desired  kind  of  mental  equipment  of  a  high  order,  nor 
put  into  a  man  energy  and  resolution  or  executive  capacity,  but 
it  can  and  does  enable  him  to  use  all  those  attributes  of  a  marked 
personality  with  added  efficiency  and  force. 
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If  a  course  of  study  is  so  constituted  and  administered  as  to 
present  to  the  young  engineer  the  fundamental  principles  under¬ 
lying  the  problems  with  which  he  has  to  deal  and  their  general 
relations  to  each  other,  as  well  as  to  other  parts  of  the  engineering 
field,  as  were  the  earlier  curricula,  he  will  be  stimulated  to 
broader  views  and  activities  which  is  suggestive,  at  least,  towards 
acquiring  executive  or  administrative  capacity.  Such  a  man  has 
a  training  which  awakens  vision  or  imagination  prompting  him 
to  initiative  and  self-reliance,  qualities  of  the  strongest  person¬ 
alities.  On  the  other  hand,  a  course  of  study  composed  largely 
if  not  mainly  of  extended  applications  of  practical  method  to 
details  and  to  the  treatment  of  those  more  or  less  narrow  matters 
belonging  chiefly  to  a  specialty,  particularly  when  combined  with 
much  drill  in  the  manipulation  and  use  of  mechanical  appliances, 
shuts  out  much  opportunity  to  view  the  general  features  of  any 
engineering  project,  either  of  itself  or  in  its  relations  to  other 
engineering  matters.  Such  training  in  (vocational)  details  nar¬ 
rows  and  shortens  one’s  horizon,  atrophies  the  imagination  and 
paralyzes  initiative.  Concentrated  attention  on  detail  method  and 
manipulation  is  often  an  effective  antidote  to  a  virile  grasp  and 
control  of  broad  fundamental  principles. 

Whatever  else  the  earlier  engineering  education  was,  it  cer¬ 
tainly  was  not  of  this  latter  kind,  and  there  is  no  reasonable  doubt 
that  its  comprehensive  fundamental  character,  in  spite  of  what 
it  lacked,  stimulated  in  many  who  took  it  unusual  professional 
strength. 

The  older  courses  of  engineering  study  were  mostly  classed 
as  Civil  Engineering,  but  these  observations  are  applicable  to  the 
entire  field  of  engineering  education  in  this  country  up  to  a  period 
closing  perhaps  twenty-five  years  ago.  The  striking  lessons  of 
that  period  are  in  grave  danger  of  being  lost  in  the  contemplation 
of  the  rapid  development  of  the  engineering  profession  in  the 
last  quarter  century.  They  should,  however,  not  be  undervalued, 
nor  worse  yet,  overlooked.  The  progress  of  all  branches  of  sci¬ 
ence,  especially  in  the  electrical  field,  has  induced  the  evolution  of 
engineering  practice  in  special  lines  to  an  extent  impossible  to 
anticipate,  and  which  could  not  have  been  considered  credible 
before  it  actually  took  place.  This  is  markedly  the  case  in  me- 
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chanical  and  electrical  engineering.  This  rapid  extension  has 
created  an  increasing  demand  for  engineers  specially  qualified  to 
practice  in  those  fields,  although  civil  engineering  has  experienced 
a  scarcely  less  wide  extension.  As  a  matter  of  fact,  it  is  not  only 
difficult  but  impossible  to  draw  the  line  satisfactorily  between 
civil  engineering  and  the  special  fields  which  have  been  differ¬ 
entiated  from  it  from  time  to  time. 

It  is  the  belief  with  some,  if  not  many,  in  which  I  share,  that 
the  educational  training  of  engineers  has  suffered  in  effectiveness 
in  the  haste  to  meet  the  demands  of  this  rapid  evolution  of  engi¬ 
neering  practice.  It  is  at  this  juncture  that  the  valuable  lessons 
of  the  earlier  period  of  engineering  education  may  lose  force,  if, 
indeed,  they  have  not  been  wholly  ignored. 

It  may  be  confidently  stated  that  those  who  take  educational 
training  for  engineers  will  get  out  of  that  training  substantially 
whatever  is  put  into  it.  If  it  includes  the  establishing  and  the 
effective  treatment  of  fundamental  general  principles  underlying 
engineering  science  combined  with  a  well-balanced  application  to 
those  actual  practical  things  which  are  the  objects  of  the  engineer’s 
activities  in  every  field,  whether  of  structures,  machines  and 
projects  of  the  civil  engineer,  or  in  the  development  and  appli¬ 
cation  of  steam,  electrical  or  other  power,  of  mechanical  and 
electrical  engineering,  those  young  men  who  pursue  such  a  course 
of  study  will  have  a  wide  and  effective  grasp  of  the  technical  basis 
of  their  work.  When  this  control  of  fundamental  principles  be¬ 
comes  tempered  and  directed  in  practical  affairs  by  experience  in 
the  early  years  of  their  practice  they  will  possess  a  highly  valuable 
equipment  of  broad,  suggestive  training  supplemented  with  a  well- 
balanced  judgment  developed  by  actual  work.  They  are  truly 
educated  for  their  profession  and  not  merely  fitted  to  do  a  limited 
number  of  things  with  manipulative  excellence  in  a  narrow,  and 
narrowing,  specialty.  The  horizons  of  such  men  are  so  broadened 
and  cleared  as  to  enable  them  to  view  what  they  have  to  accom¬ 
plish  in  correct  proportion  and  in  proper  relation  to  the  things 
around  them.  That  is  the  lesson  which  it  seems  to  me  should  he 
learned  from  the  educational  training  of  the  past  and  applied  to 
the  development  of  the  educational  training  of  the  present. 

In  the  intense  desire  at  the  present  time  to  meet  the  inline- 


62  PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA. 

diate  demands  of  special  lines  of  professional  practice,  there  is 
an  almost  irresistible  temptation  to  restrict  or  narrow  educational 
work  to  meet  the  equally  narrow  special  field  in  which  the  young 
engineer  thinks  he  may  find  his  life  work.  In  other  words,  there 
is  danger  of  giving  a  narrow  vocational  view  to  his  educational 
preparation ;  although  such  a  procedure  in  the  professional 
school  not  only  destroys  its  true  educational  influence  but  also 
greatly  restricts  the  young  man’s  effectiveness  for  his  subsequent 
career.  I  do  not  mean  by  this  to  underestimate  the  value  of  true 
vocational  training,  but  it  seems  to  me  that  such  a  vocational  view 
is  fatally  wrong.  Let  the  training  be  vocational,  if  one  likes  the 
name,  but  let  it  be  broadly  and  intelligently  so.  The  vocational 
view  of  an  engineer  should  be  fundamentally  as  broad  as  the  field 
of  engineering.  His  true  vocation  should  not  be  fundamentally 
that  of  a  narrow  specialist,  but  the  practice  in  his  ultimate  field 
should  be  based  upon  an  educational  foundation  extended  enough 
to  include  all  the  general  principles  of  engineering  science.  This 
is  not  impracticable  nor  chimerical.  There  are  quarters  in  which 
it  has  always  been  done  and  is  being  done.  Any  practitioner  in 
a  special  field  is  a  broader  and  better  specialist  if  his  educational 
training  has  been  based  upon  the  fundamental  general  principles 
of  engineering  science.  Any  young  engineer  who  concentrates  a 
large  part  of  his  time  on  the  manipulation  of  machines  and  ap¬ 
pliances  in  the  laboratory  of  the  engineering  school  beyond  what 
is  necessary  to  give  him  a  thorough  knowledge  and  control  of  the 
principles  of  the  processes  involved  and  their  application  to  prac¬ 
tical  affairs,  has  spent  his  time  unwisely  as  a  preparation  for 
engineering  practice  and  loses  the  acquisition  of  general  technical 
knowledge  to  an  extent  that  will  seriously  cripple  him  in  his 
subsequent  development.  A  professional  man  needs  not  only  to 
be  thoroughly  familiar  with  things  which  he  is  doing,  but  he  must 
also  possess  an  equally  effective  general  knowledge  of  what  others 
are  doing  in  other  parts  of  the  engineering  field  in  order  that  he 
may  avail  himself  of  whatever  may  be  of  value  to  his  own  prac¬ 
tice ;  and  this  observation  is  forcibly  applicable  to  the  specialist. 
He  may  be  so  absorbed  in  his  own  particular  lines  of  work  and 
his  attention  so  concentrated  there  that  he  is  in  danger  of  com¬ 
pletely  losing  sight  of  the  relations  of  his  work  to  developments 
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that  are  constantly  taking  place  in  other  parts  of  the  general  field, 
some  of  which  at  least  may  have  important  bearings  on  his  own. 
The  cure  of  this  defective  condition,  and  in  most  cases  the  only 
cure,  is  a  broad  educational  training. 

It  is  obvious  that  every  held  of  engineering  work  furnishes 
opportunity  to  every  variety  of  individuality,  from  those  who  by 
nature  are  qualified  to  work  intensely  along  special  lines  to  those 
who  possess  the  executive  capacity  and  temperament,  and  it  is 
certainly  clear  that  the  best  educational  training  should  be  such 
as  to  encourage,  if  not  stimulate,  the  evolution  of  the  individual 
in  a  way  to  make  him  professionally  the  most  effective  possible, 
but  that  is  not  the  whole  story.  The  engineering  profession  is 
now  being  considered  and  the  part  in  it  which  the  engineer  is 
to  take.  To  my  mind,  the  responsibilities  of  the  professional  man 
as  an  individual  in  the  community  are  not  limited  by  the  techni¬ 
cal  field  in  which  he  may  achieve  his  principal  work.  He  is,  or 
ought  to  be,  an  educated  man,  and  the  quality  of  his  citizenship 
is  to  be  regarded  scarcely  second  to  his  ability  as  a  technical  man. 
Education,  like  wealth,  carries  with  it  a  peculiar  and  even  a 
grave  responsibility.  He  may  not  be,  with  impunity,  a  narrow 
almost  one-ideaed  technical  being  only,  moved  with  a  single  idea 
to  attain  as  nearly  as  possible  engineering  perfection,  although 
that  is  well  in  its  proper  place.  He  should  be  as  far  as  practicable 
a  well-rounded  and  developed  member  of  the  community  as 
well  as  one  who  has  had  effective  training  as  an  engineer.  It 
seems  to  me  clear  that  the  broad  general  type  of  engineering  edu¬ 
cation  accomplishes  as  nearly  completely  as  is  possible  under 
human  conditions  this  desirable  end,  in  that  it  preserves  a  proper 
balance  between  the  special  technical  results  which  the  engineer 
must  accomplish  on  the  one  hand  and  the  acquisition  of  broader 
capacities  which  give  him  far  wider  influences  in  the  world  about 
him.  No  matter  how  much  special  technical  knowledge  a  man 
may  possess,  if  he  lacks  the  qualification  to  make  that  capacity 
valuable  in  its  results  to  the  general  affairs  of  the  community  as 
a  whole,  his  intense  special  attainments  will  avail  him  little.  In 
other  words,  the  educational  training  of  an  engineer  should  be 
such  as  to  fit  him  for  the  widest  possible  application  of  his  knowl¬ 
edge  both  technically  and  as  a  useful  citizen  of  the  community. 
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It  would  appear  from  the  intense  specialization  which  already 
characterizes  most  of  the  engineering  schools  of  the  country  that 
the  great  educational  advantage  of  breadth  (as  well  as  depth)  is 
not  appreciated.  This  perhaps  is  natural,  but  it  is  also  unfortu¬ 
nate  and  it  should  be  a  grave  question  among  educators  in  tech¬ 
nical  schools  whether  it  is  not  best  to  correct  the  narrow  influence 
of  such  specialization  by  a  return  to  a  more  broadening  and  more 
effectively  educating  curriculum.  It  is  certainly  true  that  the 
character  of  the  educational  training  will  determine  largely  the 
character  of  the  professional  practice.  If  the  training  is  narrow, 
shutting  off  the  effective  consideration  of  those  wider  principles 
which  control  collateral  but  affiliated  fields  of  professional  activity, 
the  subsequent  practitioner  will  necessarily  be  restricted  in  his 
operations  to  those  things  only  with  which  he  has  been  made 
familiar,  and  will  have  failed  to  acquire  the  capacity  to  make  use 
of  results  in  many  collateral  but  valuable  fields  of  activity.  The 
unusually  forceful  individual  will  in  many  cases  overcome  such 
educational  disadvantages,  but  his  case  is  the  exception  and  not 
the  rule.  If  young  engineers  are  to  be  fitted  with  an  education 
qualifying  them  to  attain  to  the  broadest  and  best  fields  of  practice 
that  training  must  be  equally  broad  without  losing  thoroughness. 

These  considerations  acquire,  it  seems  to  me,  greatly  added 
force  in  connection  with  the  rapidly  widening  field  in  which  the 
services  of  the  professional  engineer  are  required,  if  not  even 
demanded. 

A  civil  engineer,  a  mechanical  engineer,  or  an  electrical  engi¬ 
neer  will  be  by  far  the  most  effective  specialist  if  his  education 
is  broad  enough  to  give  him  a  well-rounded  conception  of  all 
engineering  affairs  into  which  he  may  be  brought  in  contact ;  or 
in  connection  with  which  he  may  have  to  consider  the  effects  or 
influence  of  his  own  work.  Again,  it  is  the  broadened  horizon  of 
his  intelligence  which  gives  him  a  more  effective  view  of  the  real 
scope  of  his  own  work.  This  aspect  of  the  educational  training 
of  engineers  is  one  which  has  as  yet  received  but  a  small  part  of 
the  attention  from  the  profession  which  its  importance  demands.- 
In  fact,  it  opens  up  to  engineers  of  all  fields  a  range  of  executive 
or  administrative  duties  in  which  the  responsibilities  are  only 
partly  technical,  but  which  belongs  as  thoroughly  to  the  engineer 
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as  do  his  technical  functions.  This  executive  or  administrative 
field  of  work  includes  some  of  the  greatest  responsibilities  existing 
in  the  community  and  lead  to  the  highest  official  positions,  both  in 
business  and  in  public  affairs.  It  covers  all  administrative 
positions  found  in  connection  with  municipal  and  state  public 
works,  the  discharge  of  executive  functions  required  in  the  con¬ 
struction,  maintenance  and  operation  of  steam  railways,  electric 
railways,  hydro-electric  power  developments,  and  great  organi¬ 
zations  engaged  in  telegraph  and  telephone  services.  In  fact, 
broadly  speaking,  the  engineer  is  the  proper  administrative  officer 
in  every  industrial  corporate  business  serving  in  one  way  or 
another  the  public  interests  and  in  which  the  manufacture  and 
transmission  of  power  is  involved,  or  the  building  of  structures, 
or  the  administration  of  almost  an  indefinite  number  of  similar 
agencies.  These  fields  have  scarcely  yet  begun  to  be  occupied 
by  the  engineer,  but  he  is  the  individual  above  all  others  who  is 
best  fitted  by  his  educational  training  and  experience  in  affairs  to 
undertake  such  service. 

In  1895  Hon.  Carl  Schurz  in  speaking  of  the  Relation  of  Civil 
Service  Reform  to  Municipal  Reform  at  a  National  Conference 
for  good  city  government  made  the  following  statements  which 
have  a  direct  bearing  on  this  comprehensive  view  of  the  relation 
of  educational  training  to  engineering  practice : 


“*  *  *  it  seems  to  me  desirable  that  when  municipal  offices  are  to 

be  filled,  the  discharge  of  the  duties  of  which  require  professional  knowl¬ 
edge,  skill  and  experience,  the  selection  should  be  confined  to  professional 
men  of  good  standing.  Let  us  take,  for  example,  a  department  about 
which  there  may  be  some  doubt  in  this  respect,  the  department  of  public 
works,  meaning  the  department  which  has  in  its  charge  the  matters  of 
drainage  of  water  supply,  of  street  paving,  and  similar  things.  *  *  * 

“I  know  it  is  said  that  the  head  of  such  a  department  should  possess 
certain  qualifications  other  than  mere  professional  skill ;  that  he  should 
have  business  experience  and  a  high  degree  of  what  is  commonly  called 
executive  ability.  This  is  true.  But  among  civil  engineers  executive 
ability  is  probably  as  abundantly  found  as  among  any  other  class  of 
persons;  and  it  will  not  be  denied  that  the  required  executive  ability, 
combined  with  engineering  skill  and  experience,  will  in  that  office  be 
especially  valuable.  *  *  *  The  engineer  would  have  a  professional  rep¬ 

utation  to  take  care  of,  and  it  would  be,  aside  from  his  duty  to  the  public, 
his  natural  ambition  to  use  the  opportunities  of  his  office  for  making  a 
great  name  for  himself  in  his  profession.” 
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He  proceeds  further  to  speak  of  the  comparative  freedom 
which  the  engineer  would  enjoy  under  such  circumstances  from 
political  affiliations  and  such  temptations  as  forcefully  beset  the 
usual  politician.  It  would  be  difficult  to  find  a  more  reasonable 
or  effective  tribute  to  the  engineer  as  a  public  official  in  those 
positions  in  which  his  educational  training  and  professional  ex¬ 
perience  would  be  most  effective  in  the  public  interest. 

It  will,  I  think,  be  clear,  however,  that  if  the  educational 
traming  of  young  engineers  is  to  be  such  as  to  qualify  them  for 
professional  evolution  of  this  character  it  must  have  a  broad  tech¬ 
nical  basis,  and  it  must  have  more  than  that.  If  the  duties  of  an 
engineer  bring  him  into  the  administration  of  affairs  it  means  that 
he  must  constantly  be  brought  in  contact  with  his  fellow  citizens 
in  the  community  in  which  he  discharges  his  duties.  Under  such 
circumstances  he  must  have  the  power  of  gracefully  and  effectively 
communicating  with  them  in  such  a  way  as  to  please  and  per¬ 
suade  them.  He  must  have  a  reasonable  command  of  language 
and  such  a  faculty  of  presenting  his  propositions  and  his  reasons 
for  supporting  them  as  will  be  persuasive  and  convincing. 
Furthermore,  it  is  absolutely  essential  that  he  must  possess  to  a 
reasonable  extent  at  least  what  is  called  cultivation,  which  con¬ 
sists  of  no  mysterious  qualities  of  individuality,  but  a  wholesome 
and  sympathetic  regard  for  others ;  it  is  gracious  common  sense 
applied  to  the  communication  of  men  with  each  other,  which  also 
is  little  else  than  tact. 

It  may  be  contended  in  reason,  I  think,  that  such  a  fairly 
well-balanced  and  well-rounded  man  should  have  besides  his  tech¬ 
nical  educational  training  a  prior  general  education  such  as  may 
now  be  acquired  in  any  good  college,  and  this  brings  me  to  the 
recent  movement  in  a  number  of  the  more  prominent  engineering 
schools  of  the  country  where  the  course  of  study  in  the  profes¬ 
sional  school  must  be  preceded  by  general  educational  work.  At 
Columbia  University  all  engineering  students  are  now  required 
to  take  three  years  in  the  college,  or  its  equivalent,  as  a  general 
educational  basis  for  the  subsequent  three  years  of  the  engineering 
curriculum,  and  some  other  schools  of  engineering  have  taken  the 
same  step.  This  requires  six  years  for  the  whole  educational 
training  of  the  engineer,  but  as  it  may  be  begun  possibly  at  the 
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age  of  sixteen,  or  certainly  at  the  age  of  seventeen,  the  young 
engineer  is  ready  to  begin  his  professional  experience  at  the  age 
of  twenty-two  or  twenty-three  years,  and  that  is  not  far  from  the 
ages  of  engineering  graduates  heretofore. 

There  can  be  little  or  no  doubt  that  such  effective  educational 
work  will  tend  toward  professional  practice  of  excellent  quality 
whether  along  special  lines  or  in  administrative  and  executive 
positions.  As  a  result  of  many  years  of  experience  both  in 
instruction  work  and  in  active  practice  it  seems  to  me  that  such 
an  educational  basis  must  not  only  lead  to  improvement  in  prac¬ 
tical  results,  but  also  quicken  the  sense  of  moral  obligations  and 
responsibilities  in  the  discharge  of  administrative  duties. 

The  importance  of  avoiding  over-specializing  in  educational 
training  is  not  likely  to  be  exaggerated  ;  for  the  temptation  to 
commit  the  error  is  strong.  General  subjects  in  the  curriculum, 
or  those  which  are  supposed  to  be  not  of  immediate  practical 
value,  are  either  cut  down  to  small  proportions  requiring  super¬ 
ficial  treatment,  or  they  are  avoided  entirely  in  order  to  afford 
more  time  for  the  development  into  excessive  practical  details 
those  which  are  supposed  to  be  of  more  immediate  use  to  the  new 
graduate,  i.  e.,  those  which  are  supposed  to  be  of  more  vocational 
value ;  or  again,  for  excessively  developed  detail  work  in  the 
laboratory.  As  has  already  been  said,  this  narrowing  and  dessi- 
cation  of  the  curriculum  in  order  to  give  it  a  so-called  vocational 
or  practical  character  deprives  it  of  its  best  educational  value. 
Indeed,  I  think  it  may  be  said  not  unreasonably  that  the  narrowly 
specialized  student  is  not,  truly  speaking,  thoroughly  educated. 
He  is  not  sufficiently  well-rounded  to  be  so  classified.  The  narrow 
training  is  a  mistake  even  from  a  mercenary  point  of  view,  for 
while  such  a  mal-developed  young  engineer  may  possibly  (or 
possibly  not)  have  a  little  initial  advantage  the  first  year  of  prac¬ 
tical  work,  his  weak  grasp  of  professional  subjects  and  limited 
knowledge  of  them  will  be  a  serious  handicap  in  his  subsequent 
development;  a  man  with  a  wider  professional  knowledge  and 
consequently  with  a  greater  professional  power  will  easily  outstrip 
him  in  the  end. 

A  highly  specialized  course  of  engineering  study  is  by 
intention  narrowed  to  a  comparatively  few  subjects,  including 
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essentially  more  sub-divisions  of  a  few  subjects  rather  than  a 
larger  number  of  subjects  less  sub-divided.  This  again  restricts 
the  information  acquired  by  the  student  to  a  correspondingly  nar¬ 
row  field,  and  by  that  narrowness  he  is  prevented  positively  from 
acquiring  a  wide  knowledge  of  general  principles  which  would 
give  him  more  extended  power  in  his  professional  practice.  This 
restriction  leads  to  a  correspondingly  narrow  field  of  activities 
and  the  longer  he  works  in  it  the  more  incapable  he  is  of  getting 
out  of  it.  His  horizon  is  too  limited  to  enable  him  to  take  an 
effective  view  of  the  greater  problems  whose  solution  brings 
greater  rewards. 

This  limiting  or  even  crippling  influence  of  the  lack  of  breadth 
in  over-specializing  engineering  education  has  not  by  any  means 
escaped  the  attention  of  thinking  educators.  In  fact,  there  are 
material  evidences  in  some  quarters  of  a  wholesome  awakening 
and  return  to  broader  and  better  ways.  In  the  report  of  Professor 
S.  L.  Conner,  Assistant  Professor  of  Railroad  Engineering,  to  the 
Acting  President  of  Tufts  College  as  delegate  from  Tufts  Engi¬ 
neering  School  to  the  Annual  Convention  of  the  Society  for  the 
Promotion  of  Engineering  Education  at  Princeton,  June,  1914, 
he  states : 

“Throughout  the  whole  of  the  meeting  there  seemed  to  be  a  spirit 
of  unrest  and  of  general  dissatisfaction  with  the  condition  of  the  field 
of  engineering  education.  Attention  was  called  to  the  position  of  the 
engineer  in  the  affairs  of  the  world,  his  apparent  disinterestedness  in  the 
problems  of  civic  life,  and  his  lack  of  ability  through  lack  of  training  to 
take  a  prominent  place  in  business  affairs.” 

“*  *  *  Instances  are  familiar  to  all  of  us  where  engineering  grad¬ 

uates  of  one  department  find  their  life  work  in  another  department,  and 
as  a  matter  of  prudence  the  student  should  be  equipped  for  the  trans- 
fer.  *  *  *  Professor  Scott  has  stated  that  one-half  of  the  members  of 

the  three  principal  engineering  societies  of  the  country  are  in  executive 
positions.” 

Again,  in  another  part  of  his  address,  in  speaking  of  intro¬ 
ducing  into  the  course  certain  broadening  subjects: 

“There  is,  however,  the  same  difficulty  as  would  be  apparent  in  the 
presentation  of  technical  subjects,  namely,  the  tendency  to  encumber  the 
student  with  numberless  details.” 

“By  those  who  have  given  considerable  study  to  this  question,  cultural 
subjects  are  now  generally  regarded  as  not  only  a  desirable  but  a  neces- 
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sary  part  of  an  engineering  course.”  Again,  *  *  *  “yet  jn  order  indel¬ 

ibly  to  fix  fundamentals  on  the  student’s  mind  it  is  absolutely  necessary  to 
confine  the  teaching  largely  to  fundamentals.” 

In  the  same  report  Professor  Whitehead  of  the  Department 
of  Engineering  at  Johns  Hopkins  University,  a  department  in  the 
process  of  creation,  is  quoted  by  Professor  Conner  as  stating: 

“The  average  engineering  graduate  is  wanting  in  general  education, 
in  powers  of  expression,  in  imagination  and  ability  to  reason.”  The  state¬ 
ment  is  then  made  by  Professor  Whitehead  that  he  found  by  consulting 
with  employers,  engineers  and  educators  that  these  imperfections  are 
generally  recognized,  and  then  adds  “complaints  of  too  great  insistence 
on  professional  training,  to  the  sacrifice  of  fundamentals  and  cultural 
studies,  are  particularly  widespread.” 

These  expressions  from  experienced  educators,*  engineers 
and  others,  strongly  fortify  what  has  already  been  said  in  regard 
to  the  most  effective  educational  training  in  engineering  schools 
and  its  effect  upon  the  subsequent  work  of  the  practitioner. 

There  are  a  considerable  number  of  fundamental  subjects 
which  belong  in  all  courses  of  engineering  study  and  which  seem 
to  be  of  little  direct  value  to  the  practitioner.  Under  the  present 
vocational  view  of  such  matters  these  subjects  should  be  cur¬ 
tailed  as  much  as  possible,  or  in  some  cases  even  omitted.  The 
more  mathematical  subjects  of  the  curriculum  are  of  this  class 
and  calculus  probably  receives  more  criticism  of  this  character 
than  any  other.  It  was  but  a  few  weeks  ago  when  one  of  the 
oldest  and  most  successful  civil  engineers  in  New  York  Citv 
asked  an  engineering  friend  of  mine  who  reported  the  incident 
to  me,  if  he  had  ever  known  in  all  his  career  of  a  single  instance 
in  which  he  had  occasion  to  use  calculus.  When  my  friend  told 
him  that  he  had  not  found  such  an  occasion  his  questioner  replied 
that  neither  had  he  in  all  his  more  than  fifty  years  of  engineering 
practice.  This  is  apparently  a  hopeless  verdict  against  calculus, 
but  apparently  only.  Both  professional  men  of  whom  I  have 

♦Since  this  paper  was  written  an  address  delivered  by  Professor 
George  F.  Swain  of  Harvard  University  before  the  American  Institute  of 
Electrical  Engineers  has  been  printed.  In  this  address  Professor  Swain, 
speaking  of  the  education  of  engineers,  says:  “In  the  second  place,  we 
may  influence  technical  education  and  try  to  secure  a  broader  curriculum, 
with  more  attention  to  fundamental  principles  and  loss  to  technical  details 
which  the  graduate  must  learn  in  the  field  after  he  graduates,  and  which 
he  can  learn  a  great  deal  better  there  than  in  school.  Let  us  insist  on  a 
training  in  the  English  language,  so  that  our  engineers  shall  not  only  be 
able  to  speak  and  express  themselves  properly,  but  be  able  to  write  a 
proper  report,  *  *  *” 
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spoken  are  alert  and  thorough  analysts  of  engineering  conditions 
found  in  connection  with  the  problems  which  they  have  en¬ 
countered.  While  calculus  has  probably  never  been  of  the  slightest 
direct  or  practical  use  to  them  or  to  many  other  practicing  engi¬ 
neers,  it  has  played  a  most  important  but  unnoticed  part  in  their 
educational  efficiency.  The  analytic  quality  or  power  gained  by 
training  in  such  a  subject  as  calculus  in  the  direction  of  exact  and 
skillful  reasoning  is  great,  but  seldom  if  ever  recognized  by  engi¬ 
neers  in  active  practice.  Educational  factors  of  this  sort  are  far- 
reaching  in  effect  and  of  much  real  value,  but  they  are  not  obtru¬ 
sive  or  self-assertive.  Their  quiet  influence  in  shaping  and  direct¬ 
ing  the  operations  of  the  mind  along  channels  leading  unerringly 
to  the  truth  is  of  a  kind  which  cannot  be  expressed  in  foot  pounds 
of  work  or  in  watt  hours,  or  in  dollars  and  cents,  but  they  are 
effective  enough  to  contribute  materially  to  professional  success. 

Precisely  the  same  observations  may  be  applied  to  other  fun¬ 
damental  and  formative  subjects  in  an  effective  curriculum  of 
engineering  study. 

It  is  essential  that  I  should  repeat  again  that  this  criticism 
of  intense  specialization  in  engineering  study  is  not  in  any  sense 
or  to  any  degree  whatever  a  depreciation  of  the  great  special  fields 
of  work  in  engineering.  The  time  has  come  when  practically  all 
professional  men,  engineers  or  others,  must  select,  or  be  gravi¬ 
tated  into  by  events  beyond  their  control,  special  fields  of  activity. 
No  engineer  can  possibly  be  qualified  to  practice  successfully  or 
creditably  in  two  or  more  fields  of  work  at  the  present  time.  The 
old  general  practitioner  is  gone  never  to  return.  He  has  been 
displaced  by  the  specialist,  but  it  is  contended  that  the  specialist 
should  be  given  a  broad  educational  training  and  that  the  main 
specialization  shall  take  place  subsequently  to  that  training.  He 
will  thereby  become  a  far  better  specialist  than  if  his  educational 
horizon  were  limited  chiefly  to  the  special  things  which  he  is  to 
use  in  his  subsequent  career.  That  career  is  not  one  which  he 
can  follow  unmindful  of  an  intelligent  appreciation  of  the  things 
going  on  about  him,  and  that  appreciation  can  only  be  acquired 
when  stimulated,  if  not  created,  by  a  breadth  of  educational  train¬ 
ing  which  will  give  him  the  power  to  discover  the  true  relations 
of  his  own  work  to  that  in  other  branches  of  professional  activity. 
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If  he  has  acquired  effectively  a  thorough  grounding  in  other 
branches  of  engineering  science  besides  those  with  which  his  spe¬ 
cial  activities  are  to  be  connected,  his  own  work  will  possess  a  far 
better  quality  because  it  will  square  more  truly  with  other  engi¬ 
neering  conditions  in  the  community  and  be  found  correspondingly 
more  useful,  more  valuable,  and,  if  you  please,  it  will  more  effec¬ 
tively  command  financial  returns. 

There  is  a  well-defined  distinction  between  the  well-rounded, 
widely  intelligent  specialist  and  one  who  has  been  so  narrowly 
trained  that  he  knows  little  else  than  the  narrow  field  in  which 
his  activities  lie.  The  former  may  be  called  the  true  expert,  while 
the  latter  is  indeed  a  narrow  specialist.  This  distinction  is 
positive  and  means  much.  It  means  that  the  broadly  qualified 
specialist  who  realizes  affairs  about  him  in  their  true  proportions 
is  the  safe  professional  adviser  who  frequently  becomes  the  ac¬ 
complished  executive.  Indeed,  he  is  likely,  if  not  certain,  to 
become  the  successful  executive  or  administrator  in  the  wide 
affairs  of  both  public  and  private  corporations,  about  which  I 
have  already  spoken.  In  fact,  he  is  the  executive  expert  of  whom 
President  Lowell  of  Harvard  University  spoke  at  the  twentieth 
annual  meeting  of  the  National  Municipal  League,  held  in  Bal¬ 
timore  last  November.  He  said: 

“The  kind  of  expert  that  we  need  in  a  city  is  not  merely  the  expert 
lawyer  as  a  corporation  counsel ;  it  is  not  merely  the  expert  physician  as 
the  health  officer;  not  even  the  expert  engineer  as  the  builder  of  roads 
and  bridges ;  but  also  the  expert  administrator.  It  is  the  man  who  knows 
how  a  great  administrative  body  must  be  handled,  who  knows  how  to 
deal  with  the  vast  amount  of  business  to  be  transacted ;  for  this  cannot 
be  done  by  anybody  who  happened  to  get  the  votes.  It  must  be  done  by 
an  expert.” 

It  seems  to  me  clear  that  the  expert  of  which  President 
Lowell  spoke,  in  so  far  as  the  interests  to  be  administered  include 
engineering  affairs  of  either  organizations  or  works  to  be  created 
or  conducted,  must  be  the  engineer  who  not  only  has  the  special 
qualifications  to  pass  judgment  upon  the  technical  features  of 
his  administration,  but  also  the  general  knowledge  and  correct 
perception  of  affairs  which  usually  come  first  from  broad  and 
effective  educational  training  and  subsequently  from  professional 
experience.  Even  admitting  that  the  engineer  of  executive  ca- 
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pacity  or  administrative  ability  must  be  born  correspondingly 
equipped,  and  admitting  further  that  the  broadest  and  most  effec¬ 
tive  education  will  not  create  such  an  equipment,  it  certainly  has 
been  shown  by  much  human  experience  that  appropriate  edu¬ 
cational  training  will  stimulate  and  render  effective  those  qualities 
of  mind  and  character  which  make  the  executive,  and  in  some 
cases,  at  least,  will  awaken  those  qualities  in  individuals  in  whom 
they  might  otherwise  lie  latent.  This  relation  and  others  which 
have  been  indicated  between  educational  training  and  the  profes¬ 
sional  practice  of  the  engineer  I  believe  to  be  established  beyond 
all  question.  If  education  does  not  draw  out  and  stimulate  the 
mental  qualities  of  its  subjects  and  even  positively  shape  them  in 
many  cases  for  ultimate  productive  operations  and  useful  results, 
then  an  immense  amount  of  educational  money  and  effort  is  being 
sadly  wasted  every  year. 

If  it  is  feasible  to  place  in  some  definite  outline  the  main 
points  of  such  a  rather  diffusive  and  elusive  consideration  of  one 
of  the  most  important  of  all  present  higher  educational  questions, 
it  may  be  stated,  I  think,  that  the  educational  training  of  the 
engineer  has  a  marked  influence  upon  the  subsequent  professional 
practice,  for  the  simple  reason  that  that  training  stimulates  and 
develops  his  mental  activities  largely  along  the  lines  which  are 
then  opened  to  him  as  vistas  through  which  he  gains  views  of 
those  branches  of  science  on  which  his  professional  practice  will 
be  based.  While  his  subsequent  activities  and  touch  with  things 
and  individuals  around  him  will  modify  to  a  considerable  extent, 
and  possibly  in  some  cases  radically  change,  those  initial  views, 
in  the  main  their  influences  will  remain  with  him. 

If  his  training  in  the  engineering  school  has  been  narrow  and 
confined  to  a  comparatively  small  range  of  subjects  in  connection 
with  which  his  mental  activities  have  been  developed  by  intense 
application  to  physical  details  of  laboratory  or  other  mechanical 
manipulation,  or  to  other  details,  his  views  and  his  subsequent 
development  as  a  professional  man  are  likely  to  be  controlled  by 
these  earlier  experiences,  which  leave  permanent  limiting  impres¬ 
sions  upon  a  young  man’s  capacity  for  development. 

On  the  other  hand,  an  educational  training  of  greater  breadth 
in  the  field  of  engineering  science,  and  best  of  all,  based  upon  a 
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prior  general  education,  giving  a  command  or  effective  use  of 
a  wide  range  of  fundamental  principles,  will  certainly  prepare 
a  man  both  for  the  best  exercise  of  his  mental  powers  in  the 
higher  fields  of  professional  practice  and  at  the  same  time  induce 
in  those  who  possess  them  the  exercise  of  those  forces  of  person¬ 
ality  which  we  call  in  the  aggregate  executive  or  administrative 
capacity. 


CORRESPONDENCE 

Prof.  George  F.  Swain  :*  I  entirely  agree  with  Professor 
Burr  regarding  the  importance  to  the  engineer  of  a  knowledge  of 
general  subjects,  and  an  interest  in  matters  outside  of  the  purely 
professional  work  of  engineering.  I  have  emphasized  this  on 
various  occasions  and  shall  continue  to  do  so.  I  cannot  agree  with 
Professor  Burr,  however,  that  it  is  desirable  for  an  engineering 
school  to  require  a  six-year  course,  three  years  to  be  devoted  to 
a  college  training  and  three  subsequent  years  to  a  technical  engi¬ 
neering  training.  My  objection  to  this  is  based  on  various 
grounds. 

In  the  first  place,  I  do  not  believe  in  the  wisdom  of  giving 
the  engineer  his  education  in  layers — first,  a  so-called  general  edu¬ 
cation  and  then  a  technical  education — but  consider  that  it  is  much 
better  to  combine  the  two  throughout  the  entire  curriculum.  The 
tandem  method  of  education,  or  education  in  layers,  may  be  appro¬ 
priate  in  training  the  lawyer,  because  the  law  is  not  such  a  spe¬ 
cialized  technical  profession  as  engineering  is,  nor  does  it  require 
so  continuous  and  consecutive  a  course  of  study  in  mathematics 
and  science.  It  makes  little  or  no  difference  to  the  prospective 
lawyer,  provided  he  has  learned  to  reason  correctly,  what  he  has 
studied  in  his  college  course.  He  may  have  studied  the  classics,  or 
modern  languages,  or  economics,  or  science,  or  methematics,  or 
even  art,  and  he  may  still  be  competent  to  enter  the  law  school, 
provided  he  can  think  clearly. 

The  engineering  student,  however,  requires  a  consecutive 
course  of  at  least  four  years,  beginning  with  mathematics  in  the 
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first  year,  continuing  with  the  same  subject  in  the  second  year, 
following  it  with  mechanics  in  the  third  year,  and  with  the  appli¬ 
cation  of  mechanics  in  the  fourth  year.  In  a  similar  manner,  he 
should  have  a  consecutive  course  in  science,  carrying  him  through 
chemistry,  then  physics,  then  geology  and  astronomy. 

While,  therefore,  almost  any  college  graduate  may  be  com¬ 
petent  to  enter  the  law  school,  only  those  college  graduates  are 
competent  to  enter  the  engineering  school  who  have  had  the  nec¬ 
essary  preliminary  training  in  specific  subjects.  I  think  it  is  much 
better  for  a  student  aiming  at  some  engineering  occupation  to 
aim  for  it  from  the  beginning,  and  to  take  in  each  year  both 
general  and  technical  subjects,  devoting  comparatively  little  time 
the  first  year — or  perhaps  none  at  all — to  technical  subjects,  and 
as  his  course  proceeds,  gradually  increasing  the  time  devoted  to 
technical  subjects  and  decreasing  the  time  devoted  to  general  sub¬ 
jects,  but  combining  both  to  some  extent  in  each  year.  This  will 
enable  him  to  maintain  his  interest  in  general  subjects  through¬ 
out  his  course.  If  his  education  is  given  in  layers,  I  fear  the 
tendency  will  be  for  him  to  neglect  and  lose  all  interest  in  the 
general  subjects  as  soon  as  he  begins  his  technical  studies. 

In  the  second  place,  I  do  not  believe  that  a  college  education 
makes  men  broad  any  more  than  it  makes  them  moral,  nor  does  it 
teach  them  to  think  clearly ;  that  is  to  say,  it  cannot  be  depended 
upon  to  do  these  things.  According  to  my  experience,  there  are 
many  college  graduates  who  are  just  as  narrow-minded  as  men 
who  have  pursued  a  purely  technical  curriculum.  The  effect  of 
a  college  course,  as  ordinarily  pursued,  in  giving  men  breadth  of 
view,  is,  in  my  opinion,  greatly  exaggerated. 

In  the  third  place,  I  do  not  believe  that  there  are  many 
engineering  students  who  can  afford  to  spend  six  years  in  getting 
their  education.  Education  is  so  much  dependent  upon  practical 
experience  that  the  engineering  graduate,  no  matter  what  course 
he  pursues,  must  be  prepared  to  begin  at  the  bottom  of  the  pro¬ 
fessional  ladder.  He  should  emerge  from  the  engineering  school 
possessed  with  intellectual  humility  rather  than  intellectual  arro¬ 
gance,  and  realizing  that  without  experience  his  engineering  judg¬ 
ment  will  be  of  little  value. 

I  believe,  therefore,  that  our  engineering  schools  should  offer 
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a  four-year  course,  and  that  those  that  are  equipped  to  do  so 
should  offer  an  additional  course  of  two  years  for  a  higher  de¬ 
gree.  The  four-year  course,  as  well  as  the  advanced  course, 
should  contain  general  and  technical  subjects  in  each  year.  The 
four-year  course  should  be  confined,  as  regards  the  technical 
work,  to  fundamental  principles  mainly,  and  should  not  attempt 
to  carry  students  as  far  in  the  technical  details  or  the  advanced 
theory  as  is  now  attempted  in  most  of  our  schools,  but  should 
aim  to  give  the  students  the  preliminary  foundation  and  the  ability 
to  think  clearly  and  to  study  by  themselves,  as  well  as  a  proper 
outlook  upon  the  humanities  and  the  problems  of  life. 

The  advanced  course  should  offer  the  opportunity  for  special¬ 
ization  and  for  pursuing  engineering  into  the  higher  theoretical 
branches,  and  only  the  men  who  are  capable  of  such  work  should 
be  encouraged  to  take  this  advanced  course. 

All  engineers  cannot  be  leaders,  and  it  is  not  desirable  that 
they  should  be.  There  must  be  hewers  of  wood  and  drawers  of 
water  who  will  do  the  routine  work  of  the  profession.  I  conceive 
it  to  be  one  fundamental  fault  of  our  present  educational  system 
that  it  attempts  to  make  too  many  men  leaders. 

Prof.  Elton  D.  Walker  :*  I  agree  with  the  principles  laid 
down  in  Professor  Burr’s  paper,  namely,  that  an  engineer  should 
have  a  broad  training  in  the  fundamentals  of  science  underlying 
all  branches  of  engineering  and  that  a  considerable  amount  of 
the  time  spent  in  the  education  of  the  engineer  should  be  devoted 
to  the  so-called  liberal  studies,  including  history,  economics,  lan¬ 
guage  and  literature.  If  I  understand  Professor  Burr’s  paper 
correctly,  and  that  he  proposes  to  divide  the  engineer’s  training 
into  two  separate  and  distinct  portions,  the  first  being  devoted 
entirely  to  the  general  studies,  with  perhaps  some  of  the  funda¬ 
mental  sciences,  including  mathematics,  chemistry  and  physics, 
and  the  latter  part  to  include  the  purely  professional  study,  and 
nothing  else,  I  cannot  say  that  I  am  in  agreement  with  him  on 
this  particular  phase  of  the  question.  I  believe  that  a  distinct 
demarcation  of  this  kind  is  unwise  and  would  not  produce  the  best 
results.  While  I  believe  that  the  time  is  near  at  hand  when  the 
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engineering  courses  will  have  to  be  lengthened,  at  least  in  the  lead¬ 
ing  engineering  schools,  I  think  that  the  studies  of  a  general  nature 
should  run  throughout  the  whole  of  the  time  spent  in  college, 
being  greater  in  amount  in  the  earlier  years  and  reducing  to  a 
small  amount  in  the  later  years.  I  think  the  technical  training 
should  begin  with  some  work  in  drawing,  shop  work,  and  sur¬ 
veying  in  the  earlier  years  and  should  broaden  in  amount  and 
character  until  in  the  last  years  of  the  course  it  should  occupy  the 
major  portion  of  the  time.  I  feel  that  the  prospective  engineer 
will  get  more  out  of  such  studies  as  economics  if  he  approaches 
them  with  some  knowledge  of  some  of  the  technical  engineering 
work,  and  I  believe  also  that  the  engineer  will  get  more  out  of 
his  technical  studies  if  he  begins  on  some  of  his  applied  science 
work  rather  early,  so  that  his  mind  may  acquire  what  is  some¬ 
times  spoken  of  as  “scientific  cast  or  habit”  during  the  earlier 
years  of  his  course.  I  believe- that  the  parallelism  of  these  two 
divisions  of  work  in  the  curriculum  will  result  in  the  enriching 
and  strengthening  of  both  the  general  and  technical  studies. 

Prof.  R.  P.  Davis  :*  The  two  main  points  in  Professor 
Burr’s  interesting  paper  which  the  writer  wishes  to  discuss  is 
the  six-year  course  versus  the  four-year  course  and  the  relative 
value  of  the  study  of  theory  and  practice  in  the  technical  school. 

Professor  Burr’s  main  argument  for  the  six-year  course  is 
that  it  gives  a  broader  training  than  the  four-year  course.  There 
is  no  question  but  that  this  is  a  fact  if  the  student  enters  college 
with  the  same  amount  of  training  in  the  two  cases.  According 
to  Professor  Burr’s  own  statement  this  is  not  so,  as  he  expects 
the  six-year  course  student  to  graduate  almost  as  young  as  the 
four-year-course  student  now  does.  Thus  the  whole  proposition 
narrows  down  to  the  question  as  to  whether  the  high  school  or 
college  can  best  teach  those  subjects  naturally  taken  by  the  boy 
of  about  sixteen  to  eighteen  years  of  age.  As  the  cost  of  edu¬ 
cation  in  the  high  school  will  be  considerably  less  than  at  college, 
and  as  the  boy  in  the  high  school  is  constantly  surrounded  with 
home  influences,  the  burden  of  proof  surely  lies  with  the  six-year- 
course  champion.  Another  point  to  be  kept  in  mind,  that  it  does 
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not  necessarily  follow  that  because  the  college  has  teachers  of 
greater  learning  than  those  in  the  high  school  the  college  training 
is  any  better.  We  all  realize  that  the  easier  a  thing  seems  to  us 
the  harder  it  is  to  have  patience  with  the  student  who  is  trying  to 
master  it. 

The  writer  favors  a  strong  high-school  course  which  em¬ 
braces  all  the  subjects  now  required  for  entrance  by  our  best 
technical  schools,  this  to  be  followed  by  a  four-year  college  course 
of  a  broad  nature.  Upon  graduation  one  or  two  years  should 
be  spent  out  in  practice,  during  which  time  the  specialty  to  be 
followed  should  be  chosen.  After  the  decision  has  been  made  the 
writer  favors  returning  to  college  for  graduate  work  along  the 
line  of  this  specialty. 

The  four-year  course  should  most  certainly  be  of  a  broad 
nature,  with  plenty  of  work  in  such  subjects  as  English,  foreign 
languages,  political  economy,  etc. 

Taking  up  the  subject  of  the  teaching  of  theory  versus  prac¬ 
tice  the  writer  heartily  agrees  with  the  speaker  of  the  evening 
that  success  or  failure  will  depend  very  largely  on  the  amount  of 
theory  taught.  However,  the  writer  believes  that  a  reasonable 
amount  of  vocational  work  and  manual  training  is  of  value.  The 
fact  that  we  have  many  strong  engineers  who  have  received  only 
a  theoretical  training  in  college  proves  nothing,  for  it  is  equally 
true  that  many  of  our  best  engineers  have  received  no  college 
training  at  all. 

With  reference  to  the  value  of  manual  training  let  us  con¬ 
sider  the  following  case:  One  college  offers  a  course  of  18  credit 
hours  a  week,  54  actual  hours.  This  college  offers  nothing  but 
theoretical  courses,  algebra,  language,  physics,  etc.,  for  the  fresh¬ 
man  class.  Another  institution  gives  a  course  of  the  same  num¬ 
ber  of  credit  hours,  but  three  credit  hours  are  given  in  some 
manual  training  subject,  such  as  pattern  making.  Which  course 
is  the  stronger?  The  writer  maintains  that  the  latter  is,  and  for 
the  following  reasons:  First,  a  knowledge  of  pattern  making  is 
valuable  as  an  end  in  itself ;  secondly,  it  is  valuable  as  a  training 
for  the  hands,  thereby  making  it  easier  for  the  person  to  master 
other  manual  training  work ;  and  thirdly,  such  work  offers  a 
means  of  recreation  from  the  theoretical  work.  This  last  point 
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is  most  important.  It  is  almost  impossible  to  get  the  average 
student  to  spend  54  hours  per  week  doing  theoretical  work.  On 
the  other  hand,  give  him  45  hours  of  such  work  and  then  let  him 
put  in  three  afternoons  per  week  doing  manual  training  work,  I 
believe  that  the  latter  will,  or  may  easily  be  made  to,  serve  as  a 
means  of  recreation. 

The  same  is  true  of  almost  any  form  of  laboratory  work,  and 
this  the  writer  believes  to  be  the  best  argument  in  favor  of  a 
reasonable  amount  of  manual  work.  All  curricula  should  contain 
courses  of  a  nature  such  that  they  will  afford  relief  from  the 
heavier  mental  work  of  the  more  theoretical  courses. 

The  writer  agrees  with  Professor  Burr  that  for  the  most  part 
the  teaching  of  technical  details  should  be  avoided.  Details  should 
be  taught  only  to  the  extent  of  showing  the  significance  of  the 
theory,  of  keeping  the  student’s  interest  aroused,  and  of  giving 
him  a  glimpse  of  what  comprises  the  work  of  the  engineer.  For 
instance,  in  a  course  dealing  with  the  hydraulics  of  stream  flow, 
every  student  should  be  given  the  opportunity  of  making  a  stream 
measurement  with  the  current  meter ;  but  he  should  not  spend 
sufficient  time  to  become  an  expert  at  the  work.  Again,  in  the 
subject  of  bridge  design  no  time  should  be  spent  in  teaching  the 
student  to  detail  structural  steel.  Such  work  has  no  place  in 
the  college  curriculum. 

Professor  Burr  feels  “that  the  educational  training  of  engi¬ 
neers  has  suffered  in  effectiveness  in  the  haste  to  meet  the  de¬ 
mands  of  this  rapid  evolution  of  the  practice  of  engineering.”  The 
writer  rather  questions  the  truth  of  this,  but  he  does  believe  that 
the  average  technical  graduate  of  the  present  day  lacks  the  train¬ 
ing  of  the  man  who  graduated  some  years  ago.  This  is  for  the 
reason  that  technical  education,  as  well  as  all  other  branches  of 
education,  is  made  so  easy  of  attainment  at  the  present  time  that 
many  young  men  of  mediocre  ability  now  go  through  college  who, 
twenty  years  ago,  would  never  have  dreamed  of  such  a  thing. 
Such  students  lower  the  average  caliber  of  the  engineer  and  also 
lower  the  character  of  the  work  done  by  their  fellow  students 
in  college.  Again,  the  rapid  increase  in  the  number  of  technical 
schools,  often  with  poor  equipment  and  inferior  teachers,  has 
often  developed  intense  rivalry  for  numbers,  and  this  has  tended 
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very  seriously  to  lower  the  scholarship  requirements.  As  to 
whether  or  not  the  present  day  larger  number  of  moderately  well- 
trained  engineers  is  preferable  to  the  past  smaller  number  of 
better-trained  engineers,  the  writer  is  not  prepared  to  say. 

To  summarize  the  foregoing,  the  writer  believes  in  the  pres¬ 
ent  four-year  engineering  course,  with  a  one  or  two-year  graduate 
course  following  this.  This  four-year  course  should  be  composed 
of  a  considerable  amount  of  general  and  cultural  subjects,  and 
should  also  cover  the  whole  ground  of  the  theory  underlying  all 
engineering  in  a  broad  and  fundamental  way.  A  small  amount 
of  manual  training  work  should  be  given,  as  well  as  sufficient 
laboratory  and  design  work  to  show  fully  the  truth  of,  and  the 
methods  of,  applying  the  theory.  Very  little  in  the  line  of  tech¬ 
nical  details  should  be  taught,  neither  should  any  highly  special¬ 
ized  theory  be  given  in  the  four-year  course. 

The  graduate  work  should  be  highly  specialized  and  should 
for  the  most  part  be  composed  of  theoretical  and  experimental 
work.  Much  time  may  well  be  spent  in  bringing  out  the  limi¬ 
tations  of  our  present  knowledge  of  both  theory  and  the  properties 
of  materials,  so  that  the  student  will  go  out  into  the  world  pre¬ 
pared  to  aid  in  increasing  our  knowledge  in  every  way  possible. 
In  other  words,  there  should  be  inculcated  in  every  technical 
graduate  that  state  of  mind  which  will  lead  to  the  very  highest 
development  in  the  science  and  art  of  engineering. 


DISCUSSION 

Mr.  Samuel  E.  Duff:*  As  a  result  of  personal  experience 
covering  28  years’  practice  of  engineering,  I  heartily  agree  with 
the  conclusions  reached  by  Professor  Burr  in  his  very  complete 
review  of  recent  tendencies  in  engineering  education.  Considered 
from  a  strictly  technical  viewpoint,  there  can  be  no  doubt  that 
educational  training  along  broad  and  fundamental  lines,  as  a  pre¬ 
liminary  to  specialization,  has  great  value.  The  haste  to  acquire 
intimate  knowledge  of  details  without  a  thorough  understanding 
of  general  principles  may  bring  quick  success,  but  usually  pro- 
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duces  disaster  when  details  are  changed,  as  they  always  are,  by 
advance  in  knowledge  along  lines  laid  down  and  supported  by 
fundamental  education.  The  author  points  out  how  specialized 
education  tends  to  limit  the  usefulness  of  the  engineer  as  a  mem¬ 
ber  of  society,  and,  in  fact,  as  a  useful  member  of  his  own 
profession. 

I  wish  to  present  the  same  thought  from  an  angle  which  has 
not  been  thoroughly  discussed  in  the  paper.  It  is  true  that  the 
author  referred  to  it  in  general  terms,  but  I  will  endeavor  to 
present  it  more  precisely.  Professor  Burr  says :  “In  other  words, 
the  educational  training  of  an  engineer  should  be  such  as  to  fit 
him  for  the  widest  possible  application  of  his  knowledge,  both 
technically  and  as  a  useful  citizen  of  the  community.”  I  wish  to 
discuss  the  true  meaning  of  the  phrase,  “a  useful  citizen  of  the 
community.”  It  is  commonly  used  to  indicate  a  man  who  takes 
part  in  those  general  affairs  having  to  do  with  the  management  of 
collections  of  individuals,  the  making  of  laws  and  the  adminis¬ 
tration  of  same,  ordinarily  covered  by  the  term  “politics” ;  or  per¬ 
haps  it  may  indicate  activity  along  educational,  religious  or  moral 
uplifting  lines.  It  is  unusual  for  anyone  to  have  the  opportunity 
of  doing  much  along  these  lines  until  he  has  reached  years  of 
maturity,  unless  he  happens  to  be  the  possessor  of  great  wealth 
or  very  special  talents. 

I  wish  to  point  out,  however,  that  the  graduate  from  the 
engineering  school  should  become  “a  useful  citizen  of  the  com¬ 
munity”  in  an  entirely  different  sense  as  soon  as  he  leaves  his 
school  and  takes  his  place  as  a  worker,  and  that  his  educational 
training  should  be  such  as  to  promote  this  kind  of  usefulness. 
That  such  is  not  the  case  is  one  of  the  great  reasons,  if  not  the 
principal  reason,  for  the  general  unsatisfactory  condition  of  the 
engineering  profession.  Strong  objection  may  be  made  to  the 
statement  that  the  graduate  engineer  is  not  usually  able  to  become 
a  satisfactory  worker  and  therefore  a  useful  member  of  the  com¬ 
munity,  but  I  hope  to  explain  my  meaning  in  such  a  way  that  you 
will  be  satisfied  of  the  truth  of  the  statement,  and  that  the  reason 
therefor  lies,  to  a  large  extent,  in  the  lack  of  proper  educational 
training. 
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Very  few  engineering  graduates  have  anything  but  a  hazy 
idea  of  their  value  as  workers  because  they  do  not  know  what 
their  work  is  for.  Their  personal  estimate  of  their  own  worth  is 
consequently  very  seldom  realized  for  a  considerable  period  after 
graduation,  if  at  all.  This  attribute  of  the  educated  man  is  not 
confined  to  engineering  graduates,  but  is  just  as  common  among 
the  graduates  of  collegiate  institutions  and  various  forms  of  vo¬ 
cational  schools.  It  may  be  urged  that  in  many  cases  this  is  a 
defect  inherent  in  the  individual  or  perhaps  a  necessary  part  of 
the  inexperience  of  youth,  but  I  feel  that  it  is  something  which 
can  be  cured  to  a  large  extent  by  educational  training  along  lines 
very  little  emphasized,  if  at  all  included,  in  the  curricula  of 
colleges  and  professional  schools. 

I  find  it  difficult  to  satisfactorily  define  the  lack  of  training 
I  refer  to,  and  because  I  have  no  experience  in  educational  work, 
practically  impossible  to  point  out  in  definite  terms,  the  necessary 
changes  in  the  school  curriculum.  Until  some  better  term  is 
proposed  I  will  call  it  “the  lack  of  a  sense  of  proportion,”  more 
particularly  “a  lack  of  the  sense  of  the  proportional  value  of  the 
various  elements  that  make  up  what  we  call  ‘life’  ”.  It  is  not 
within  our  present  need  to  attempt  a  comprehensive  description  of 
the  various  elements  of  life.  I  wish  to  refer  only  to  that  one 
which  is  usually  called  “getting  on  in  the  world”  or  sometimes 
“an  eye  for  the  main  chance.” 

Most  engineering  graduates  have  no  precise  knowledge  of 
the  part  they  are  able  to  take  as  producers  of  the  accumulated 
wealth  which  enables  the  community  as  a  whole  to  “get  on  in  the 
world.”  The  training  of  the  student  leads  him  to  expect  certain 
rewards  for  industrious  and  careful  work  along  arbitrary  lines 
and  for  the  accomplishment  of  a  definite  task.  The  only  handicap 
encountered  during  his  school  life  has  been  his  own  laziness  or 
inattention,  and  the  rewards  of  industrious  application  and  un¬ 
usual  talent  for  comprehension  of  mathematical  theorems  have 
been  certain,  and  therefore,  as  the  student  believes,  they  are  sure 
to  follow  similar  efiforts  outside  the  school. 

That  there  is  something  wrong  with  this  reasoning,  the  ma¬ 
jority  of  engineering  graduates  know  from  bitter  experience.  The 
comparatively  small  number  who  succeed  in  obtaining  more  than 
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a  living  wage  are  generally  said  to  have  encountered  luck,  and  to 
a  very  small  number  credit  is  given  for  the  possession  of  unusual 
talent.  No  one  can  deny  the  great  part  opportunity  plays  in  the 
scheme  of  life.  I  believe  the  professional  graduate  is  by  his  very 
training  and  education  surrounded  with  an  atmosphere  which  pre¬ 
vents  him  from  seeing  opportunities,  and  is  ruled  by  a  mental  at¬ 
titude  entirely  unfit  for  understanding  the  proportional  value  of 
the  good  and  bad  circumstances  in  which  he  may  be  placed. 

Those  engineering  graduates  who  are  fortunate  enough  to 
find  something  to  do  when  they  leave  school  are  employed  in  a 
subordinate  capacity  on  some  engineering  project  and  perform 
perfunctory  duties,  probably  including  endless  hours  of  dry  cal¬ 
culation  or  laborious  drafting.  The  engineering  project  may  in¬ 
volve  the  expenditure  of  hundreds  of  thousands  or  perhaps 
millions  of  dollars.  Of  this  large  sum  of  money  the  engineering 
graduate  speaks  with  awe,  or  perhaps  with  some  pride  that  he 
has  a  part  in  such  a  great  enterprise.  If  he  is  of  a  practical  turn 
of  mind  he  may  absorb  considerable  knowledge  of  details,  general 
design  and  relative  costs  of  different  items  of  construction,  or  he 
may  be  employed  by  manufacturers  of  machinery  and  appliances 
for  the  production  of  commercial  goods. 

How  many  engineering  graduates  have  ever  been  taught  any¬ 
thing  which  leads  them  to  consider  or  investigate  and  understand 
the  real  underlying  reasons  for  the  expenditure  of  this  large  sum 
of  money?  How  many  of  them  have  received  instruction  which 
aids  them  in  understanding  the  methods  by  which  this  large  sum 
has  been  accumulated  and  is  being  expended?  Is  it  not  probable, 
on  the  contrary,  that  the  young  engineer  has  an  idea  that  some¬ 
body  had  more  money  than  they  could  otherwise  dispose  of  and 
consequently  decided  to  invest  a  million  dollars  in  some  construc¬ 
tion  work  for  the  fun  they  would  get  out  of  the  operation,  and 
perhaps  if  they  had  good  luck,  they  might  make  some  money  out 
of  it.  It  is  not  likely  that  he  has  ever  received  any  training  in  the 
fundamental  principles  of  economics  and  business  which  enable 
him  to  clearly  see  that  the  expenditure  of  money  on  construction 
work  can  have  no  reasonable  excuse  except  for  the  production  of 
more  money,  either  directly,  as  in  the  form  of  a  manufacturing 
plant,  a  railroad  or  a  toll  bridge ;  or  indirectly,  as  in  the  form 
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of  a  municipal  water  works,  the  reclamation  of  waste  lands,  the 
improvement  of  navigable  rivers  and  other  projects  carried  out 
at  the  expense  of  and  for  the  benefit  of  large  collections  of 
individuals. 

The  engineer  who  has  received  a  complete  collegiate  training 
has  probably  spent  some  time  pursuing  a  school  course  generally 
called  “Economics.”  The  small  amount  of  time  given  this  subject, 
as  well  as  the  mistaken  idea  of  college  authorities,  have  enabled 
the  student  only  to  learn  facts  which  have  been  evolved  by  the 
study  of  the  histories  of  nations  through  periods  of  centuries, 
with  practically  no  application  of  these  facts  to  the  present  hour. 
In  my  college  course  there  was  no  such  study  as  economics,  so  I 
cannot  speak  from  personal  knowledge,  but  the  impression  I  get 
from  graduates  of  recent  years  is  that  this  subject  in  the  college 
curriculum  is  generally  considered  a  joke,  or  perhaps  a  sugar- 
coated  pill  to  be  taken  in  order  to  obtain  certain  required  credits. 
My  lack  of  knowledge  may  lead  me  to  do  injustice  to  some  insti¬ 
tution,  but  I  am  sure  that  I  have  never  heard  of  any  course  in 
“Economics”  required  in  a  collegiate  or  engineering  school  which 
was  capable  of  leading  the  student  into  the  attitude  of  mind  to 
investigate  and  understand  why  anyone  was  willing  to  pay  him 
for  his  work. 

When  the  engineering  graduate  is  not  permitted  immediately 
to  design  and  originate  engineering  works  he  imagines  that  he  is 
out  of  luck,  for  he  feels  that  he  is  perfectly  competent  to  do  so. 
He  believes  that  correct  mathematical  analysis,  knowledge  of  the 
materials  of  construction,  and  possibly  an  esthetic  sense  of  pro¬ 
portion,  are  the  ruling  elements  in  a  construction  work.  He  feels 
himself  competent  along  these  lines  and  therefore  able  to  take  a 
much  more  important  position  than  is  generally  assigned  him. 
Why  has  he  not  been  taught  that  these  strictly  technical  elements 
are  only  a  part,  and  in  many  cases  a  small  part,  of  the  real  prob¬ 
lem?  Why  has  the  engineer  not  been  taught  the  proper  means  for 
estimating  the  economic  need  and  business  use  of  the  structures 
he  builds,  so  as  to  be  able  to  meet  on  even  terms  the  so-called 
financier  or  business  man  who  controls  the  expenditure  of  the 
monev  ? 
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The  business  man  has  discovered  by  bitter  experience  that 
the  average  engineering  graduate  is  ignorant  of  the  first  principles 
of  business,  and  that  more  than  likely  he  will  refuse  to  learn  or 
even  intelligently  obey  the  rules  laid  down  by  the  business  man. 
This  knowledge  is  shared  by  the  chief  engineer  and  the  young 
graduate  is  put  on  routine  work  which  could  just  as  well  be  done 
by  a  man  with  only  common  school  education,  until  by  observation 
and  contact  with  him  the  supervising  engineers  directly  respon¬ 
sible  to  the  business  man  have  discovered  whether  the  character¬ 
istics  of  the  young  engineer  will  make  him  a  useful  tool  or  simply 
a  laborer.  Should  the  young  engineer  possess  unusual  technical 
talent  and  be  of  pleasing  personality,  he  will  attract  attention  even 
while  doing  routine  work,  and  this  will  lead  to  some  success. 
Even  with  these  advantages  the  rewards  will  not  be  great  unless 
he  has  some  inherent  knowledge,  or  the  facility  of  rapidly  acquir¬ 
ing  knowledge  of  business  methods  and  the  fundamental  prin¬ 
ciples  of  finance.  Outside  of  a  very  limited  number  of  engineers 
who  have  obtained  rewards  on  account  of  their  unusual  ability 
for  scientific  research,  practically  none  obtain  an  average  com¬ 
pensation  for  their  working  life  in  excess  of  that  obtained  by 
the  skilled  artisan,  unless  they  have  developed  an  understanding 
of  the  business  principles  which  underlie  all  engineering  work. 

Where  and  when  is  the  engineering  student  taught  that  the 
principles  and  specific  calculations  on  which  the  financier  bases 
his  so-called  wonderful  judgment  as  to  the  expenditure  of  the  vast 
funds  of  other  people’s  money,  over  which  he  has  direction,  are 
based  on  knowledge  obtained  from  an  engineer,  or  else  on  engi¬ 
neering  knowledge  possessed  by  the  financier  himself  ?  Such 
engineering  knowledge  is  not  confined  to  what  is  included  in  the 
school  engineering  courses,  dealing  as  they  do  almost  exclusively 
with  mathematical  analysis,  strength  of  materials,  and  design  of 
structures.  It  is  more  likely  to  be  confined  to  knowledge  of  the 
least  cost,  probable  life,  and  possible  money  increment  which  can 
be  obtained  from  use  of  the  construction. 

The  wily  financier  calls  upon  the  engineer  for  information  in 
regard  to  practically  all  of  the  elements  of  the  problem,  but  he 
very  commonly  divides  the  problem  into  elements  apparently  dis¬ 
connected ;  knowing  full  well  that  the  engineer  will  give  him 
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honest  and  correct  data  on  each  element.  \  ery  few  engineers 
have  ever  received  the  fundamental  education  or  the  training 
which  enables  them  to  see  the  proper  relation  of  the  different 
elements  of  exact  knowledge  which  they  are  capable  of  producing, 
nor  do  they  have  the  ability  to  put  these  elements  together  in  their 
proper  sequence  and  thus  meet  the  financier  on  his  own  ground. 

This  important  trick  the  financier  thoroughly  knows.  The 
ability  is  born  with  him  or  has  been  acquired  by  hard  experience. 
Some  engineers  have  become  great  business  men,  but  investigation 
will  show  that  in  practically  all  cases  it  has  been  due  to  their 
ability  to  understand  the  proportional  value  of  the  very  facts 
which  an  engineer,  even  a  recent  graduate,  can  accurately  obtain, 
rather  than  to  great  technical  attainments.  The  ability  to  estimate 
the  proportional  value  of  facts  which  can  be  obtained  through 
engineering  knowledge  now  taught  in  the  schools  is  the  one  great 
requirement  which  should  be  met  by  a  new  course  of  study  in 
such  schools.  Training  along  this  line  will  put  the  engineering 
graduate  in  the  proper  frame  of  mind  to  understand  the  attitude 
of  the  business  man  and  financier  by  whom  he  is  employed,  and 
therefore  would  open  a  way  to  service  increasingly  efficient  and 
likely  to  be  recognized  and  to  obtain  the  rewards  which  all  expect. 
The  lack  of  such  educational  training  is  the  great  handicap  im¬ 
posed  on  engineering  graduates  by  the  present  curriculum  of  the 
schools. 

I  do  not  pretend  to  advise  how  this  course  of  study  should 
be  arranged,  but  to  illustrate  the  point  I  wish  to  make  I  suggest 
that  the  engineering  student  should  receive  complete  instruction 
on  the  financial  history  of  some  large  project.  The  history  should 
begin  with  the  consideration  of  the  original  elements  of  the  prob¬ 
lem  ;  namely,  the  necessity  or  utility  for  the  construction  measured 
in  terms  of  first  cost  and  probable  financial  returns.  He  should 
be  shown  what  were  the  first  steps  taken  to  investigate  the  matter 
and  how  the  information  obtained  in  the  early  investigations 
checked  with  the  actual  results.  The  methods  by  which  the  funds 
were  accumulated  should  be  clearly  indicated  to  the  student  with 
explanations  as  to  the  proportion  which  had  to  be  paid  for  what 
are  called  “promotion  expenses,”  and  the  discount  at  which  the 
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securities  had  to  be  sold  to  bring  them  in  line  with  the  faith  of  the 
investors. 

The  guarantees  given  to  investors  in  the  securities  should  be 
enumerated  and  explained  as  well  as  the  methods  by  which  the 
money  advanced  by  investors  was  to  be  returned  to  them.  The 
annual  fixed  charges  arising  out  of  the  fact  that  funds  had  to  be 
borrowed  at  an  interest  rate  which  depended  on  the  probability  of 
financial  success,  and  that  means  had  to  be  provided  for  returning 
the  principle  to  the  lenders  within  a  definite  time  should  be  clearly 
explained.  How  this  affected  the  actual  earning  power  of  the 
property  produced  by  the  construction  carried  out  should  be 
completely  and  intelligently  laid  before  the  student.  In  short, 
the  entire  financial  history,  including  the  present  condition  of 
the  property  and  its  probable  future  earning  power,  should  be 
gone  into.  The  first  estimates. of  cost  of  construction  should  be 
given  and  a  comparison  of  these  estimates  with  the  actual  cost 
made  and  explained  in  detail  with  reasons  for  differences  shown. 

The  objection  may  be  made  that  it  is  practically  impossible 
to  obtain  information  such  as  I  have  suggested.  It  is  undoubtedly 
true  that  such  information  cannot  be  obtained  from  any  text¬ 
books  and  probably  not  in  any  satisfactory  way  except  through 
the  personal  presentation  of  it  by  some  competent  business  man. 
Bringing  into  contact  with  the  students  a  man  of  practical  affairs 
daily  handling  problems  of  finance  and  business  would  undoubt¬ 
edly  be  a  great  personal  benefit  to  the  student  and  to  the  school 
as  a  whole.  I  do  not  believe  that  it  is  impossible  or  even  difficult 
to  work  out  if  taken  up  in  the  proper  spirit. 

Surely  such  instruction  would  benefit  the  student  and  put 
him  in  a  position  to  most  rapidly  advance  from  the  handling  of 
routine  work  to  positions  of  responsibility  for  getting  financial 
results.  It  is  only  by  such  advancement  that  he  can  hope  to  ob¬ 
tain  satisfactory  rewards.  Many  students  otherwise  proficient 
would  be  found  unable  to  comprehend  to  any  extent  the  economic 
phase  of  their  work.  The  sooner  such  men  understand  that  their 
position  in  the  engineering  profession  must  necessarily  be  a  low 
one,  unless  they  have  some  special  talent  for  strictly  research 
work,  the  better  it  will  be  for  them  and  for  the  profession  at  large. 
The  great  mistake  is  in  teaching,  either  directly  or  by  inference, 
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that  the  practice  of  engineering  is  simply  the  solving  correctly  of 
mathematical  problems. 

There  are  many  phases  in  the  life  of  a  successful  engineer, 
such  as  the  proper  attitude  of  subordinate  to  superior,  and  the 
proper  treatment  of  the  subordinate  by  the  superior  officer ;  the 
necessity  of  absolute  fidelity  to  high  ideals  of  personal  conduct 
and  honor,  which  cannot  be  here  discussed,  although  of  great 
importance.  Many  of  them  are  properly  considered  ethical  rather 
than  strictly  educational  and  not  within  the  province  of  the 
schools. 

I  wish,  however,  to  call  attention  to  another  phase  of  edu¬ 
cational  work  as  usually  carried  on  in  the  schools  which  I  believe 
works  to  the  detriment  of  the  young  engineer.  I  hope  you  will 
understand  that  my  remarks  are  not  based  on  a  wide  general 
knowledge  of  school  practice,  but  simply  the  result  of  some  per¬ 
sonal  experience.  A  short  time  ago  while  engaged  in  setting  a 
problem  in  structural  engineering  in  connection  with  the  work 
of  this  Society  in  its  efforts  to  give  engineering  students  the  bene¬ 
fit  of  the  point  of  view  of  practicing  engineers,  I  was  astonished 
to  discover  that  some  engineers  who  had  considerable  experience 
as  educators  were  rather  inclined  to  confine  the  students  to  infor¬ 
mation  contained  in  their  text-books  than  to  encourage  or  even 
permit  them  to  obtain  the  latest  and  most  precise  information 
from  any  source  available. 

In  setting  a  problem  for  the  design  of  a  building  I  proposed 
to  give  that  student  the  greatest  credit  who  obtained  satisfactory 
construction  at  the  lowest  first  cost,  the  unit  prices  of  the  various 
materials  to  be  used  having  been  given  him.  I  was  immediately 
asked  where  the  student  could  get  the  information  necessary  to 
design  the  building  so  that  its  actual  cost  would  be  the  lowest 
possible  unless  he  went  outside  his  text-books.  I  replied  that  I 
did  not  care  where  he  got  the  information  providing  it  was 
reliable.  Objection  was  at  once  made  that  in  order  to  make  the 
competition  fair  between  the  students  they  should  be  confined 
to  certain  definite  sources  of  information  provided  or  suggested 
by  the  school  in  connection  with  the  several  courses  of  instruction. 
During  the  discussion  I  made  the  remark  that  I  would  give  the 
prize  to  that  student  who  showed  the  greatest  initiative  and  in- 
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dustry  in  obtaining  from  the  manufacturers  of  the  construction 
material  used  the  best  methods  and  details  of  design  which  would 
produce  an  adequate  structure  at  the  lowest  cost.  Objection  was 
at  once  made  that  such  permission  would  work  unfairly  against 
the  student  who  had  conscientiously  and  carefully  pursued  the 
course  laid  down  for  him  and  therefore  had  a  right  to  assume  that 
he  should  receive  the  reward  of  his  industry  and  obedience.  It 
was  stated  that  any  such  innovation  in  school  practice  as  I  sug¬ 
gested  would  be  revolutionary  and  disastrous  to  the  students. 

I  have  had  no  experience  as  an  educator  and  cannot  enter 
into  an  argument  on  matters  of  school  discipline  with  those  who 
have  had  the  experience  and  are  therefore  competent  in  such 
matters,  but  I  submit  to  you  that  I  can  imagine  no  more  dangerous 
tendency  in  the  education  of-  engineers  than  the  teaching  to 
them,  directly  or  by  inference,  that  rewards  come  from  a  blind 
following  of  rules  laid  down  by  some  temporary  authority,  and 
that  the  enterprise  that  prompts  investigation  of  the  matter  in  any 
way  not  laid  down  in  the  rules  is  useless  and  immoral.  I  am 
certain  that  in  many  schools  the  greatest  encouragement  is  given 
to  originality  and  initiative,  but  I  am  also  certain  that  many  edu¬ 
cators  whose  daily  life  affects  many  of  our  future  engineers  do 
not  have  this  broad  view.  Further  consideration  of  this  phase 
of  the  matter  naturally  leads  to  a  discussion  of  the  advisability 
of  bringing  engineers  who  are  in  the  constant  and  responsible 
practice  of  engineering  into  frequent  contact  with  engineering 
students.  This  subject  is  too  large  for  the  present  discussion. 

I  will  close,  therefore,  by  emphasizing  the  point  that  I  be¬ 
lieve  it  is  the  duty  of  those  who  are  educating  engineers  to  train 
them  thoroughly  in  the  knowledge  of  financial  and  business 
operations  which  affect  their  life  work  and  their  adaptability  to 
the  tasks  they  take  up  after  graduating.  To  permit  them  to  go 
out  into  the  working  world,  where  success  means  keeping  “an 
eye  on  the  main  chance,”  imbued  with  the  idea  that  patience  and 
laithful  performance  of  set  duties  under  arbitrary  rules  will  bring 
success,  without  any  thought  as  to  the  reason  and  purpose  of 
their  work,  is  the  greatest  possible  mistake  which  can  be  made  in 
education.  I  hope  to  see  experienced  educators  take  up  this  phase 
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of  the  problem  and  work  out  some  practicable  course  of  instruc¬ 
tion  along  the  lines  I  have  indicated. 

Dr.  S.  B.  McCormick:*  I  have  not  been  quite  up  to  my 
usual  perfect  health  lately  and  I  was  just  about  to  retire,  be¬ 
cause  I  felt  that  I  should  not  remain  any  longer,  interesting  as 
this  paper  has  been,  and  interesting  also  as  the  discussion  has 
been.  I  want  to  say  in  the  beginning  that  I  thoroughly  agree  with 
the  paper.  I  agree  with  it  so  completely  that  I  have  no  expression 
of  criticism  or  of  dissent.  The  nearest,  perhaps,  that  I  could 
come  to  it  would  be  the  reflection  that  while  the  men  educated  in 
the  old  way  attained  both  general  and  technical  success  in  a  re¬ 
markable  measure,  as  is  true  also  of  men  in  the  other  professions, 
yet  I  doubt  whether  they  would  be  equally  successful  as  a  whole 
in  the  present  conditions,  with  the  larger,  more  general,  more 
technical  instruction  which  is  being  given  in  our  schools  today. 
Of  course,  we  understand  that  a  discussion  of  this  sort  is  a  fa¬ 
miliar  one.  If  this  were  a  body  of  ministers  or  a  body  of  lawyers 
or  of  medical  men,  I  would  listen  to  exactly  the  same  discussion 
that  you  are  having  here  tonight,  referring  to  the  wisdom  and 
necessity  of  a  broad  general  training  in  order  that  a  technical  and 
specialized  training  may  be  more  effective.  It  is  a  true  principle, 
and  one  with  which  I  am  in  entire  accord.  I  wish  also  to  say  that 
no  amount  of  education,  that  no  amount  of  training,  can  possibly 
change  the  fact  that  most  men  are  after  all  ordinary  men ;  that 
nothing  will  make  them  extraordinary  men,  either  education  in 
the  schools,  or  opportunity  after  they  get  out  of  the  schools. 
Nevertheless,  it  is  certainly  true  that  the  broadest  possible  train¬ 
ing  should  be  given  in  this  profession,  which  is  merging  into  one 
of  our  most  important  professions. 

Regarding  the  six-year  course,  I  wish  to  say  that  again  I 
am  in  entire  accord  with  it,  and  as  to  what  will  be  the 
curriculum  of  that  six-year  course,  I  am  again  in  entire  accord 
with  Professor  Swain  and  Professor  Walker,  although  I  do  not 
know  that  their  position  involves  any  dissent  from  the  position 
of  the  paper,  for  the  reference  in  the  paper  was  simply  a  refer¬ 
ence  to  the  practice  of  Columbia  University.  If  you  were  present, 
as  I  am  present,  at  the  discussions  which  the  engineering  faculty 

♦Chancellor.  University  of  Pittsburgh,  Pittsburgh,  Pa. 
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have  from  time  to  time  as  to  what  will  be  included  in  the  course, 
and  what  must  be  included  in  the  course,  and  what  cannot  be 
included  in  the  course,  because  it  is  only  four  years  long,  I  think 
you  will  agree  with  me  that  just  as  soon  as  it  becomes  a  practical 
thing,  we  must  extend  the  course. 

Now,  with  reference  to  the  question  which  has  been  so 
thoroughly  presented  in  the  paper  by  the  last  speaker,  I  again  am 
in  entire  accord.  Of  course,  we  must  remember  that  it  applies 
only  to  the  relatively  few,  because  only  the  relatively  few  are 
willing  to  pay  the  cost.  That  is  the  trouble  with  the  world,  you 
know ;  it  is  entirely  unwilling  to  pay  the  cost  of  success ;  not  lack 
of  ability,  not  lack  of  adaptation  to  the  situation,  but  simply  un¬ 
willingness  to  pay  the  cost  of  high  success,  and  it  will  apply, 
therefore,  to  the  relatively  few.  But  the  fact  of  the  matter  is  that 
the  engineer,  just  exactly  as  it  is  true  of  other  professions,  is  a 
creator,  and  the  only  difference  between  him  and  the  other  man 
is  that  he  is  a  creator  in  a  particular  sphere,  that  he  uses  par¬ 
ticular  materials  out  of  which  to  create  things ;  that  he  becomes 
the  thinker,  and  if  he  thinks,  he  can  become  a  successful  engineer. 
It  ought  to  be  the  aim  of  every  process  of  education  to  produce 
that  in  the  man  whereby  he  will  be  able  to  take  the  materials  nec¬ 
essary  in  his  profession  and  so  use  those  materials  as  to  create 
something  new;  and  in  the  engineering  world  we  know  perfectly 
well  just  what  that  is.  He  must  be  able  to  use  English.  I  wish 
we  could  put  two  or  three  times  as  much  English  in  the  cur¬ 
riculum  as  we  do.  He  ought  to  stand  up  before  men  and  present 
what  he  has  to  say  clearly  and  effectively.  He  ought  to  have  the 
training  which  Mr.  Duff  referred  to,  and  above  and  beyond  all 
this,  he  must  have  that  thing  which  will  enable  him  to  take  the 
materials  that  he  has  acquired  so  as  to  use  them  effectively  in  the 
profession  to  which  he  belongs.  And  that  takes  time.  Every 
process  of  education  is  a  thing  that  involves  time.  It  involves 
four  years  now.  It  must  involve  more  time  if  the  engineering 
profession  is  to  meet  the  demands  laid  upon  it,  the  demands  that 
will  constantly  increase  in  their  insistence  and  variety. 

Now,  I  always  think  of  the  engineering  profession  as  one  of 
the  greatest  that  there  is.  You  have  heard  me  express  myself 
again  and  again  upon  that  subject,  that  he  stands  beside  the 
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preacher  and  the  reformer  and  the  social  worker.  I  do  not  know 
of  any  profession  in  which  a  man  has  a  greater  opportunity  to 
measure  up  to  the  possibility  of  reducing  the  forces  of  nature  to 
the  absolute  control  of  man.  I  admire  the  paper  from  start 
to  finish. 

Dr.  John  A.  Brashear:  I  came  here  tonight  really  to 
listen  to  what  was  said  rather  than  to  speak.  I  have  listened  with 
great  interest  to  the  papers  that  have  been  read  and  to  the  dis¬ 
cussions.  There  is  one  thing,  however,  that  none  of  the  speakers 
mentioned,  that  is,  there  is  so  much  in  the  way  of  finding  the 
fellow  that  loves  his  work.  I  heard  a  man  say  that  if  he  had 
seven  sons  he  would  have  two  of  them  to  be  mechanics,  two  to 
be  doctors,  two  to  be  lawyers  and  the  other  he  would  make  a 
preacher — no,  he  would'  kill  him. 

In  regard  to  vocational  training,  I  think  with  the  speaker,  it 
is  being  overdone,  and  I  am  guilty  of  part  of  it  myself.  I  be 
came  so  much  enamored  of  it  some  time  ago  that  I  remember 
once  that  we  spent  many  days  trying  to  find  out  whether  some 
of  the  applicants  had  the  stomach  ache  or  the  tooth  ache.  Our 
idea  in  life  should  be  to  make  the  world  better,  wiser  and  purer. 

Mr.  Gregory  M.  Dexter:*  There  are  several  features  of 
Professor  Burr’s  paper  on  which  I  desire  to  comment. 

In  the  first  place,  I  indorse  his  remarks  as  to  the  necessity 
for  the  thorough  training  of  engineers  in  the  fundamentals  of 
their  profession.  My  experience  with  young  graduates  forces  the 
conclusion  that  few  had  this  training.  They  are  beyond  their 
depth  when  some  unusual  problem  arises.  Without  a  formula 
they  are  helpless.  This  is  a  sad  commentary  on  their  caliber  or 
their  teaching.  The  trouble  lies  not  so  much  with  the  varying 
abilities  of  graduates  as  with  the  existing  modes  of  instruction. 
The  complete  mastery  of  a  dozen  general  laws  should  enable  an 
engineer  to  solve  almost  any  problem.  Like  all  sweeping  state¬ 
ments  the  last  is  a  partial  exaggeration.  Yet  it  is  the  oft-repeated 
remark  of  one  of  my  professors  when  he  became  somewhat  sar¬ 
castic.  Experience  has  substantiated  its  general  truth.  It  is  one 
key  to  the  proper  relation  between  educational  training  and  engi¬ 
neering  practice. 

*U.  S.  Engineer  Office,  Wheeling,  West  Virginia. 
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The  importance  of  this  fundamental  training  as  compared 
with  vocational  instruction  is  illustrated  by  the  results  of  a  recent 
investigation.  The  Massachusetts  Institute  of  Technology  has 
tabulated  comparative  data  on  the  standing  of  its  students  accord¬ 
ing  to  the  type  of  the  preparatory  school  they  graduated  from. 
Students  from  the  ordinary  type  of  high  school  averaged  74  per¬ 
cent  during  their  first  year.  Students  from  the  technical  or 
manual  training  high  schools  averaged  four  percent  less.  The 
same  relative  standing  was  maintained  throughout  the  Institute 
course.  These  figures  should  not  be  used  without  making  allow¬ 
ance  for  differences  in  the  capabilities  of  students  from  the  two 
classes  of  schools.  At  the  same  time  they  are  interesting  as  tend¬ 
ing  to  confirm  Professor  Burr’s  argument  this  evening. 

My  second  comment  has  to  do  with  what  I  would  consider 
Professor  Burr  has  failed  to  emphasize  sufficiently. 

About  a  year  or  so  ago  I  read  with  great  interest  a  book  by  a 
former  president  of  Cornell  University  entitled  The  Warfare  Be¬ 
tween  Science  and  Theology.  It  is  an  account  of  the  advances 
science  has  made  in  spite  of  superstition  and  theology.  There  is 
one  great  lesson  to  be  obtained  from  it.  All  progress  in  knowl¬ 
edge  and  the  improvement  of  conditions  in  this  world  has  come 
through  some  courageous  man  asking  the  simple  questions 
“Why  ?”  and  “How  ?”  Those  two  small  words  are  insignificant 
beside  the  accomplishments  of  today.  Yet  they  contain  the  secret 
of  the  world’s  progress.  No  educational  training  will  be  complete 
which  does  not  start  from  the  standpoint  of  those  two  questions. 
They  should  be  impressed  on  the  mind  of  every  young  engineer. 

In  another  portion  of  Professor  Burr’s  paper  there  is  a 
strong  statement  as  to  the  dangers  of  too  much  vocational  train¬ 
ing.  Yet  it  may  not  be  amiss  to  put  the  argument  somewhat 
differently. 

Vocational  training  tends  to  make  the  student  a  practitioner 
according  to  past  experience.  For  example,  take  the  field  of  rail¬ 
road  engineering.  There  is  no  doubt  that  in  work  of  that  nature 
the  engineer  is  guided  largely  by  what  has  been  shown  to  be  sat¬ 
isfactory  practice.  Therein  lies  the  great  danger  for  the  young 
engineer.  He  is  too  liable  to  follow  certain  methods  blindly  re¬ 
gardless  of  conditions  which  would  justify  changes.  It  is  a 
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danger  to  which  the  legal  profession  has  fallen  a  victim,  if  we 
may  judge  by  the  utterances  of  some  of  its  leaders.  Lawyers  have 
placed  a  premium  on  precedent  and  today  are  failing  to  keep 
abreast  with  the  world.  In  religion  there  is  much  the  same  sit¬ 
uation.  Church  governments  have  formulated  certain  standards 
as  hard  and  fast  requirements  to  which  all  must  bow.  Those  fail¬ 
ing  to  do  so  have  been  ostracised.  Independent  thinking  has  been 
tabooed.  Stagnation  and  loss  of  power  have  resulted.  It  is  fitting 
indeed  that  as  technical  men  we  should  be  alive  to  present-day 
tendencies  in  engineering  education.  It  is  for  us  to  see  to  it  that 
we  do  not  fall  into  the  rut  of  other  professions.  If  this  is  to  be 
done  we  must  have  independent  thinking.  Vocational  training 
will  not  give  this.  Thorough  training  in  the  fundamental  laws 
of  science  will. 

Toward  the  close  of  Professor  Burr’s  paper  he  quotes  Pro¬ 
fessor  Whitehead  as  indorsing  the  necessity  for  cultivating  the 
ability  to  reason.  Subjects  like  calculus  are  recommended  to 
develop  this  power.  It  is  stated  that  exact  sciences  train  the 
student  in  accurate  thinking.  With  this  I  agree.  Yet  applied 
science  is  not  exact.  After  graduating  the  student  has  to  deal 
largely  with  probabilities.  He  is  forced  to  weigh  arguments  pro 
and  con  in  reaching  a  definite  conclusion.  While  training  in  the 
exact  sciences  is  of  great  help  in  doing  this,  no  engineer’s  train¬ 
ing  should  fail  to  include  work  in  logic,  political  economy  and  the 
like.  In  such  studies  it  is  possible  to  force  the  student  to  estimate 
the  importance  of  various  factors  which  cause  a  given  condition. 
This  may  be  done  bv  reports,  essays  and  debates.  In  this  way 
the  student  will  obtain  unconscious  control  of  a  method  upon 
which  he  will  have  to  build  his  reputation  as  an  engineer.  It  will 
enable  him  to  properly  co-ordinate  his  experience  and  ripening 
judgment.  To  do  this  is  the  function  of  cultural  studies. 

It  may  not  be  amiss  at  this  point  to  note  that  the  preceding 
argument  emphasizes  the  importance  of  connecting  fundamental 
training  with  general  culture. 

My  last  comment  refers  to  Professor  Burr’s  advocacy  of  six 
years  of  educational  training  for  the  young  engineer.  I  do  not 
consider  this  advisable.  \\  e  all  know  that  even  after  the  educa¬ 
tion  is  finished  there  must  follow  some  few  years  with  relatively 
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low  salaries.  Consequently,  the  young  engineer  is  not  far  from 
thirty  when  he  marries.  Certainly,  if  he  marries  shortly  after 
leaving  college,  he  is  at  least  courageous.  In  the  opinion  of  many 
keen  observers  this  is  regrettable.  It  was  but  a  few  weeks  ago  that 
the  president  of  a  famous  Eastern  university  objected  to  this 
condition.  Those  of  you  who  have  followed  reviews  of  current 
opinion  know  that  there  have  been  a  number  of  strong  articles 
disapproving  of  the  time  taken  from  a  young  man’s  life  by  the 
present  educational  system.  Economists  and  social  workers  have 
pointed  out  a  number  of  serious  objections.  It  is  well  that  we 
should  consider  these  in  connection  with  the  present  requirements 
for  a  medical  education.  The  engineering  profession  is  rapidly 
approaching  the  point  where  an  equal  length  of  preparation  will 
be  required.  Professor  Burr’s  advocacy  of  six  years  of  training 
is  in  line  with  that  tendency. 

It  is  fair  in  considering  any  educational  system  to  inquire  if 
it  best  serves  the  human  race.  I  maintain  that  a  system  that  re¬ 
quires  too  great  probation  does  not  do  so.  It  sends  men  out  into 
life  when  their  ardor  and  energy  have  been  sapped.  To  deprive 
youth  of  resiliency  to  meet  the  buffets  of  life  is  a  crime.  This  is 
done  by  segregating  students  and  forcing  them  to  live  the  life  of 
parasites  under  essentially  artificial  standards.  It  is  well  to  re¬ 
member  that  the  ranks  have  produced  their  full  quota  of  success¬ 
ful  engineers.  A  college  degree  is  no  guarantee  of  success.  Yet 
we  all  know  and  our  self-made  men  admit  that  education  is  a 
big  help.  There  are  too  many  young  men  as  it  is  that  cannot 
afford  four  years  of  advanced  education.  To  raise  the  require¬ 
ments  to  six  is  simply  increasing  the  number  of  men  who  will 
have  to  fight  their  way  to  success  with  a  heavy  handicap.  I  doubt 
our  right  to  require  that. 

Professor  Burr  has  made  an  able  statement  of  what  four 
years  of  thorough  fundamental  training  has  accomplished  in  the 
past.  In  view  of  that  and  considering  the  better  educational  con¬ 
ditions  of  today,  we  should  be  able  to  prepare  our  young  engi¬ 
neers  for  their  work  in  four  years.  To  do  so  it  may  be  necessary 
to  employ  teachers  who  can  show  young  men  how  to  study. 
Few  young  men  know,  and  it  is  time  that  they  were  taught.  In 
every  engineering  school  there  are  classes  where  the  students 
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dream  away  the  recitation  period.  A  capable  educator  would  have 
no  difficulty  in  -locating  those  classes  and  improving  their  effi¬ 
ciency.  At  present  in  most  colleges  we  force  the  student’s  brain 
for  nine  months  of  the  year.  The  other  three  months  we  allow 
it  to  clog  up.  Personally,  I  fail  to  see  any  efficiency  in  that 
method.  It  should  be  possible  to  use  those  three  months  each  year 
for  much  if  not  all  of  the  cultural  study  which  is  so  necessary. 
Even  the  student  who  has  to  work  during  his  summer  vacation 
can  find  time  for  home  reading  in  the  evening. 

Manufacturers  are  embarrassed  often  by  heavy  competition. 
They  can  do  one  of  three  things :  Go  out  of  business,  cheapen 
the  product,  or  improve  the  efficiency  of  their  plant.  Our  engi¬ 
neering  schools  are  comparable  to  manufacturers.  They  cannot 
do  the  first  two.  The  third  is  worthy  of  attention. 

Prof.  John  B.  Leete:*  As  one  of  the  preceding  speakers 
expressed  his  doubts  concerning  some  of  the  extreme  methods  of 
vocational  training,  I  had  brought  to  my  mind  that  very  vivid 
account  of  the  vocational  system  in  vogue  at  Dotheboys  Hall,  as 
described  by  Dickens.  You  may  recall  that  the  Head  Master, 
Squeers,  instructs  his  new  assistant  somewhat  as  follows :  We  go 
upon  the  practical  mode  of  teaching  here,  Nickleby;  the  regular 
educational  system.  C-l-e-a-n,  clean,  verb  active,  to  make  bright, 
to  scour.  W-i-n,  win,  d-e-r,  der  winder,  a  casement.  When  the 
boy  knows  this  out  of  his  book,  he  goes  and  does  it.  B-o-t,  bot, 
t-i-n,  tin,  bottin,  n-e-y,  ney,  bottiney,  noun  substantive,  a  knowl¬ 
edge  of  plants.  When  he  has  learned  that  bottinney  means  a 
knowledge  of  plants  he  goes  and  knows  ’em.  It’s  just  the  same 
principle  as  the  use  of  the  globes. 

But,  you  say,  this  is  but  a  caricature  of  vocational  training, 
and  so  it  is.  Squeers’  system  has  one  advantage  over  modern 
methods,  however,  and  that  is  that  the  boy  is  absolutely  sure  of  his 
job.  Moreover,  Dickens’  description  isn’t  much  more  of  a  cari¬ 
cature  of  vocational  methods  than  some  of  the  modern  vocational 
fads  are  of  genuine  education.  Is  a  boy  competent  to  choose  be¬ 
tween  preparation  to  become  a  carpenter  or  a  bank  president  at 
the  mature  age  of  nine  or  ten  years? 

♦Dean,  School  of  Applied  Science,  Carnegie  Institute  of  Technology, 
Pittsburgh. 
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On  the  other  hand,  we  would  not  wish  to  go  to  the  other  ex¬ 
treme  and  revert  back  to  the  educational  methods  of  forty  years 
ago,  such  as  prevailed  at  the  institution  described  in  the  paper 
of  the  evening.  It  does  not  seem  to  promise  much  efficiency  to 
expect  the  engineer  to  study  the  steam  engine  at  long  range 
through  a  telescope.  There  is  a  middle  course  between  these  ex¬ 
tremes  ;  a  nicely  adjusted  balance  between  theory  and  practice, 
which  it  seems  to  me  ought  to  be  the  aim  of  the  modern  technical 
school. 

With  the  main  points  of  the  paper  presented  tonight,  which  I 
take  to  be,  first,  that  the  prime  requisite  in  the  preparation  for 
the  practice  of  engineering  is  sound  and  thorough  training  in 
engineering  science,  and,  second,  that  an  adequate  educational 
basis  should  be  provided  for  detailed  training  for  a  specialty,  I 
find  myself  in  hearty  agreement.  Intensive  knowledge  of  one 
thing  cannot  be  built  upon  extensive  ignorance  of  all  other  things. 
I  believe  in  these  principles  because  I  think  they  are  pedagogi- 
cally  sound,  because  to  my  mind  they  promise  the  best  training 
for  the  future  engineer  even  from  the  vocational  standpoint,  and 
because  I  cannot  forget  that  the  engineer  must  also  play  his  part 
as  a  man  and  as  a  citizen.  That  one  of  the  suggestions  pre¬ 
sented  in  the  paper,  i.  e.,  the  extension  of  the  engineering  course 
to  cover  a  period  of  six  years,  three  being  spent  in  the  college  and 
three  in  the  engineering  school,  will  accomplish  all  that  is  appar¬ 
ently  expected  of  it  I  have  very  great  doubts.  My  reasons  for 
these  doubts  have  been  so  clearly  expressed  in  some  of  the 
previous  discussions  that  I  shall  not  repeat  them.  Whether  or  not 
a  six-year  course  is  desirable,  moreover,  it  remains  true  that  many 
young  men,  who  are  really  desirable  material  for  the  engineering 
field,  will  not  be  able,  by  reason  of  their  financial  condition  or 
other  circumstances,  to  pursue  so  long  a  course  of  study.  For 
these  young  men  the  suggestion  does  not  offer  a  solution  of  the 
problem  of  technical  education. 

Personally,  I  do  not  believe  that  it  has  been  proved  impos¬ 
sible  to  give  a  real  engineering  education  in  four  years,  if  only 
a  systematic  study  of  the  problem  be  made.  As  suggestions 
toward  possible  improvements  in  methods  at  present  followed  in 
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many  technical  schools,  I  would  like  to  present  the  following  for 
your  consideration : 

First:  Even  an  engineering  course  should  not  be  entirely 
technical.  It  should  contain  subjects  of  general  educational  value 
divided  possibly  into  two  groups:  (a)  those  subjects  in  which 
definite  return  is  demanded  from  students  for  hours  spent  in  the 
subject  and  for  which  credits  are  awarded;  (b)  lecture  courses 
whose  prime  object  shall  be  the  inspiration  of  students  toward 
interest  in  other  fields  of  knowledge. 

Second :  The  sciences  underlying  engineering  work  should 
be  taught  with  not  too  close  reference  to  their  future  application 
in  different  fields  of  practice,  but  for  their  intrinsic  value.  The 
applications  of  science  should  be  recognized  as  applications  and 
not  allowed  to  masquerade  in  the  guise  of  science. 

Third :  The  student  should  be  taught  engineering  as  a  broad 
field  before  he  takes  up  the  details  of  a  special  portion  of  that 
field.  If  his  major  lies  in  one  particular  field,  he  should  be  re¬ 
quired  to  pursue  minors  in  the  other  principal  fields  of  engi¬ 
neering.  He  should  be  taught,  in  other  words,  that  knowledge 
does  not  come  in  burglar-proof  compartments. 

Fourth :  The  student  should  be  given  some  depth  of  back¬ 
ground  in  science  and  in  engineering  work.  His  course  should 
give  him  some  knowledge  of  the  history  of  the  evolution  of 
science  and  of  engineering  practice. 

Fifth :  Laboratory  practice  should  be  devoted  not  to  giving 
the  student  skill  in  mechanical  operations  but  toward  the  making 
clear  beyond  question  the  big  principles  of  the  theory  of  engi¬ 
neering  science. 

Sixth :  Above  all,  definite  and  systematic  effort  should  be 
made  to  arouse  in  the  student  something  of  the  genuine  spirit  of 
learning,  an  attitude  of  inquiring  interest  in  all  forms  of  activity 
and  progress. 

If  our  engineering  institutions  can  measure  up  to  these  speci¬ 
fications  (and  personally  I  can  see  no  reason  why  they  should 
not  do  so),  I  believe  that  their  product  would  not  be  a  disgrace 
to  the  engineering  profession. 
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At  the  conclusion  of  such  an  undergraduate  course  it  may  be 
found  desirable  to  offer  to  the  student  who  is  naturally  adapted 
to  specialization,  opportunity  to  make  a  much  more  detailed  and 
advanced  study  in  a  particular  field.  Even  then  it  would  seem 
advisable,  however,  that  his  specialization  be  preceded  by  a  period 
spent  in  engineering  practice  in  order  that  he  may  determine  just 
where  his  greatest  interest  and  special  ability  lie.  This  plan  would 
promise  that  breadth  of  vision  which  is  necessary  for  the  suc¬ 
cessful  specialist. 

Mr.  Edward  Godfrey  :*  I  am  in  accord  with  Professor 
Burr  in  his  emphasis  of  the  importance  of  college  training 
being  along  scientific  lines.  There  are  several  reasons  why 
this  kind  of  training  is  best  for  a  man  in  his  college  period. 
Some  of  these  were  not  mentioned  by  Professor  Burr  nor  by 
others  who  took  part  in  the  discussion.  One  reason  is  be¬ 
cause  mathematics,  mechanics,  etc.,  are  the  tools  that  an  en¬ 
gineer  must  use  in  his  profession,  and  he  should  be  thorough¬ 
ly  familiar  with  them  and  with  their  use.  Another  reason 
is  that  it  is  exceedingly  difficult  for  a  man  to  learn  these  things 
by  himself.  He  needs  an  instructor.  A  study  of  these  things 
requires  an  application  that  men  do  not  employ,  do  not  need 
to  employ,  in  learning  other  things  concerning  their  profes¬ 
sion.  One  can  pick  up  a  paper  or  a  book  and  learn  many 
things  concerning  engineering  by  mere  perusal  and  thus  add 
much  to  his  useful  knowledge.  If  an  article  or  a  book  bristles 
with  mathematics,  the  reader  will  skip  over  these  portions 
or  the  entire  article,  if  he  is  not  grounded  in  mathematics,  and 
thus  he  may  lose  some  important  engineering  truths. 

Another  reason  why  college  instruction  should  be  scien¬ 
tific  is  because  the  instructors  are  usually,  or  at  least  very 
often,  fitted  to  give  only  that  kind  of  instruction.  Of  course, 
the  practical  meaning  of  mathematics  should  not  be  lost 
sight  of,  but  after  all,  it  is  the  mathematical  and  scientific 
ground  work  that  a  man  must  have.  He  can  make  the  practi¬ 
cal  application  to  suit  his  own  specialty  or  he  can  learn  this 
by  reading. 

It  seems  to  me  that  the  time  given  over  to  the  use  of  the 
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hands  in  doing  a  mechanic’s  job  by  engineering  students  is 
largely  wasted.  An  engineer  does  not  need  to  know  how  to 
weld  a  rod,  drive  a  rivet,  or  turn  a  pin.  There  are  men  who 
can  do  those  jobs  very  much  better  than  he  will  ever  learn  to 
do  them,  who  have  never  seen  the  inside  of  a  college.  An 
engineer  needs  to  know  when  these  jobs  are  done  properly, 
but  he  does  not  need  to  know,  experimentally,  how  to  do  them 
any  more  than  a  good  judge  of  soup  needs  to  be  a  cook.  Shop 
inspection  is  very  much  more  useful  to  an  engineer  than  shop 
work,  for  it  gives  him  the  opportunity  of  seeing  experts  do 
the  work  and  of  testing  their  work  at  the  same  time. 

Much  useful  time  could  be  sent  in  giving  students  cur¬ 
rent  engineering  articles  to  read  and  digest.  This  will  give 
them  training  in  what  ought  to  occupy  much  of  an  engineer’s 
time  and  what  is  needed  to  keep  an  engineer  abreast  of  the 
times. 

Mr.  Henry  D.  James  :*  Professor  Burr  has  brought  out 
very  clearly  in  his  paper  the  necessity  of  giving  the  technical 
graduate  a  thorough  grounding  in  the  fundamentals  of  engi¬ 
neering  science.  He  has  pointed  out  the  recent  trend  towards 
vocational  studies,  the  dangers  which  have  resulted  from  an 
excess  in  this  direction,  and  has  supported  these  statements 
with  considerable  circumstantial  evidence. 

I  wish  to  agree  heartily  with  Professor  Burr  in  the  state¬ 
ments  made  in  his  paper.  In  observing  the  technical  grad¬ 
uates  who  have  come  to  a  large  manufacturing  company  dur¬ 
ing  the  past  ten  years,  this  tendency  of  specialized  training 
seems  to  have  worked  to  the  disadvantage  of  some  of  the  men. 
In  order  to  be  successful  as  an  engineer,  the  technical  grad¬ 
uate  must  have  a  thorough  knowledge  of  the  mechanics  of 
materials  and  similar  studies.  This  is  true  whether  he  be¬ 
comes  a  civil  engineer,  a  mechanical  engineer  or  an  electrical 
engineer.  The  materials  of  construction  and  their  use  are 
considerably  more  than  half  of  the  problem  confronting  any 
designing  engineer.  A  proper  analysis  of  the  'application  re¬ 
quirements  and  the  apparatus  available  is  the  problem  of 

♦Assistant  to  Manager  of  Engineering,  Westinghouse  Elec.  &  Mfg. 
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many  of  our  application  engineers.  Many  mistakes  are  made 
because  the  engineer  has  not  been  capable  of  thoroughly 
analyzing  the  fundamentals  of  an  engineering  problem  be¬ 
fore  he  has  proceeded  to  its  solution. 

Some  of  the  finishing  off  courses  given  by  our  technical 
schools  resemble  a  fashionable  finishing  school  for  young 
ladies.  The  engineer  has  been  carried  far  into  the  field  of 
physical  research  and  it  is  fortunate  for  him  if  he  secures  a 
position  where  he  can  make  immediate  use  of  this  particular 
training.  As  a  rule  the  technical  graduate  must  follow  up  the 
particular  opening  that  lies  before  him  and  it  is  difficult  for 
him  to  forecast  this  opening  during  his  college  course.  Some¬ 
times  he  even  changes  from  one  line  of  work  to  another  sev¬ 
eral  years  after  graduation.  Whatever  training  he  receives 
of  a  broad  nature  enables  him  to  adapt  himself  within  rea¬ 
sonable  limits  to  any  engineering  problem.  His  specialized 
studies,  however,  may  have  given  him  a  great  deal  of  infor¬ 
mation  that  he  will  not  be  in  a  position  to  use. 

The  rapid  changes  that  are  being  made  in  engineering 
practice  today  are  rendering  specialized  knowledge  of  much 
less  value  to  an  engineer  than  broad  general  knowledge  and 
experience. 

A  small  percentage  of  the  technical  graduates  will  be  en¬ 
gaged  in  actual  design  and  manufacture  of  engineering  com¬ 
modities.  A  large  percentage  of  the  graduates  will  be  mak¬ 
ing  engineering  applications  of  these  commodities,  and  later 
on,  in  an  executive  capacity,  they  will  be  advising  others  as 
to  the  use  of  such  commodities.  Still  other  of  the  graduates 
will  follow  non-technical  business  pursuits.  In  view  of  the 
above,  a  course  in  engineering  that  develops  the  student’s 
mind  and  teaches  him  to  think  clearly  and  to  properly  analyze 
engineering  problems  will  be  of  far  more  use  to  him  than  a 
course  of  a  vocational  nature  which  will  fit  him  for  only  one 
limited  part  of  the  engineering  field. 

During  the  discussion  of  this  paper,  the  general  opinion 
seemed  to  be  expressed  that  the  engineer  in  practical  work, 
made  little,  if  any  use  of  calculus.  This  was  undoubtedly  in¬ 
tended  to  mean  studies  of  which  calculus  is  typical.  It  is  my 
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belief  that  a  working  knowledge  of  such  studies  will  greatly 
assist  engineers  in  making  an  analysis  of  problems  and  in  fur¬ 
ther  educating  themselves  along  special  lines.  While  it  is 
true  that  most  engineering  problems  can  be  solved  without 
the  use  of  higher  mathematics,  it  is  also  true  that  the  proper 
use  of  these  will  many  times  facilitate  such  solutions.  In  my 
own  experience  I  have  seen  considerable  use  made  of  higher 
mathematics  and  I  believe  they  would  be  used  to  a  greater  ex¬ 
tent  by  engineers  if  they  kept  themselves  familiar  with  them. 
There  is  always  a  tendency  among  human  beings  to  revert  to 
the  lower  plane.  Men  who  use  mathematics  in  their  college 
course  are  likely  to  rapidly  forget  how  to  manipulate  branches 
of  higher  mathematics  and  are  unwilling  to  make  the  effort  to 
re-acquire  this  knowledge  when  problems  present  themselves 
where  the  use  of  such  mathematics  would  be  an  advantage. 

• 

Prof.  H.  R.  Thayer:*  The  author  has  certainly  given  us  a 
very  valuable  paper.  The  consideration  of  the  proper  ar¬ 
rangement  of  an  ideal  course  in  engineering  is  a  subject  which 
needs  and  deserves  even  more  space  than  it  receives  in  tech¬ 
nical  literature.  The  percentage  of  graduates  in  the  held  is  con¬ 
stantly  increasing  and  probably  no  one  thing  has  such  an  im¬ 
portant  influence  upon  these  engineers  as  the  training  which 
they  have  received  from  their  alma  mater. 

I  believe  that  Professor  Burr’s  stand  for  a  broad  educa¬ 
tion  rather  than  a  narrow  specialization  will  meet  with  the 
approval  of  the  vast  majority  of  those  who  will  enjoy  this 
paper.  I  also  agree  that  executive  positions  on  engineering 
projects  are  best  filled  by  engineers.  The  principal  difficulty 
is  not  with  our  profession,  but  rather  with  the  public,  who 
as  yet  do  not  properly  appreciate  ability,  economy  and  effic¬ 
iency  in  office  as  opposed  to  the  good  old  fashioned  idea,  “To 
the  victor  belongs  the  spoils.”  It  is  gratifying,  however,  to 
note  the  present  trend  of  practice  and  public  opinion  towards 
somewhat  higher  ideals. 

Theory  is  and  always  will  be  a  necessity.  A  thorough 
mastery  of  the  complete  deviation  of  each  formula  is  a  pre- 
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requisite  for  its  intelligent  use.  Furthermore,  these  embryo 
engineers,  or  some  of  them  at  any  rate,  must  derive  our  for¬ 
mulae  for  the  future,  and  who  can  doubt  that  progress  will 
render  work  of  this  kind  necessary. 

But  why  consider  theory  which  is  unessential.  There  is 
enough  that  can  and  should  be  given.  Is  not  the  treatment  of 
right  and  left  or  the  working  out  of  the  steps  by  which  a  bridge 
must  be  put  together  just  as  valuable  for  mental  training  as 
any  part  of  descriptive  geometry?  Is  there  not  as  much,  if 
not  more,  theory  in  the  proper  design  of  a  catch  basin,  as  there 
is  in  the  flow  of  water  through  pipes?  In  short,  I  believe  that 
theory  and  practice  should  be  combined,  that  theory  should 
cover  practical  subjects  and  that  it  should  be  fairly  correct. 

There  can  be  no  question  as  to  the  standing  and  achieve¬ 
ments  of  the  illustrious  engineers  of  the  past ;  the  rapid  prog¬ 
ress  of  the  last  fifty  years  is  ample  testimony  as  to  their 
worth ;  but  the  future  will  produce  wiser  men  if  not  those  of 
greater  intellect,  for  they  can  avail  themselves  of  the  light 
that  has  gone  before  and  of  the  facilities  which  their  prede¬ 
cessors  have  created. 

Prof.  William  H.  Burr  :*  It  is  a  matter  of  much  grati¬ 
fication  to  observe  that  so  experienced  an  educator  as  Professor 
Swain  agrees  with  the  main  substance  of  the  paper  relating  to  the 
importance  of  instruction  in  the  general  and  fundamental  sub¬ 
jects  in  engineering  education,  as  well  as  in  those  matters  of  wide 
interest  outside  of  the  purely  professional  field. 

The  advocacy  of  educational  results  by  means  of  a  six-year 
course  was,  in  fact,  an  incident  of  the  paper  and  not  a  main  pur¬ 
pose.  Professor  Swain  believes  that  the  attempt  to  educate  young 
engineers  in  such  a  manner  is  a  mistake,  chiefly  because  he  as¬ 
sumes  that  the  general  educational  subjects  and  those  of  a  tech¬ 
nical  character  will  be  given  “in  tandem”  or  in  “layers,”  stating 
that  in  his  judgment  they  should  be  given  in  such  a  way  as  to 
make  what  may  be  termed  a  conglomerate  course,  i.  e.,  the  general 
educational  subjects,  mingled  in  series  with  the  technical  sub¬ 
jects,  but  less  from  year  to  year  as  the  course  progresses.  It 
may  be  remarked  at  once,  however,  that  whether  the  course  be 
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four  or  six  years  the  subjects  given  successively  in  those  years 
must  necessarily  be  taken  in  layers  for  the  simple  reason  that 
neither  six  years  nor  four  years  work  can  be  taken  in  one.  The 
earlier  general  subjects  must  inevitably  be  taken  in  tandem  or 
layers  in  reference  to  the  later  technical  subjects.  The  tandem 
arrangement,  therefore,  cannot  be  escaped  in  any  case. 

A  significant  observation  occurs  in  Professor  Swain’s  discus¬ 
sion  which  seems  to  me  to  indicate  the  wisdom  of  taking  general 
educational  subjects  before  the  purely  technical,  although  that 
is  clearly  not  his  purpose.  After  stating  it  to  be  his  judgment 
that  both  general  and  technical  subjects  should  be  taken  concur¬ 
rently,  he  says,  “This  will  enable  him  (the  student)  to  maintain 
his  interest  in  the  general  subjects  throughout  his  course.  If  his 
education  is  given  in  layers  I  fear  the  tendency  will  be  for  him  to 
neglect  and  lose  all  interest  in  the  general  subjects  as  soon  as  he 
begins  his  technical  studies.” 

If  the  student  is  to  “lose  all  interest  in  the  general  subjects 
as  soon  as  he  takes  his  technical  studies”  the  general  subjects 
should  certainly  be  completed  and  his  knowledge  of  them  ac¬ 
quired  before  he  takes  up  the  all-absorbing  technical  studies.  The 
quoted  statement  is  equivalent  to  saying  that  it  is  impracticable  to 
take  the  two  courses  of  subjects  concurrently  without  serious  loss 
of  interest  in  the  general  subjects,  thus  placing  them  at  great  dis¬ 
advantage.  The  student  will  in  general  have  much  greater  inter¬ 
est  in,  and  devote  more  attention  to,  his  technical  work  than  to 
cultural  subjects  if  the  two  are  taken  together.  I  believe  that  to 
be  almost  universally  observed  wherever  the  two  classes  of  work 
are  carried  on  in  parallel.  I  agree  fully  with  Professor  Swain  on 
this  point,  and  for  that  very  reason  I  believe  it  to  be  far  wiser 
for  the  professional  student  to  finish  his  general  educational  work 
before  he  takes  up  the  purely  technical  part  of  his  education.  I 
should  include  in  his  general  educational  work  such  subjects  as 
the  natural  sciences  and  mathematical  subjects  at  least  up  to 
analytic  geometry  and  physics,  as  properly  belonging  to  the  gen¬ 
eral  educational  curriculum.  It  is  proper  to  include  the  latter,  as 
well  as  the  so-called  humanities  among  cultural  subjects. 

It  may  be  a  matter  of  interest  to  observe  that  the  four-year 
courses  of  engineering  study  in  the  Massachusetts  Institute  of 
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Technology  have  no  general  educational  work  in  the  fourth  year 
and  an  exceedingly  small  amount  of  that  class  of  work  in  the 
third  year,  while  even  in  the  second  year  the  amount  is  quite 
small.  In  the  advanced  courses  there  is  almost  none  indicated  in 
either  the  principal  or  subordinate  subjects. 

As  I  have  already  intimated  in  this  discussion,  it  is  not  fea¬ 
sible  for  probably  a  majority  of  well-established  engineering 
schools  to  adopt  a  program  requiring  a  broad  general  education 
of  students  who  contemplate  taking  professional  courses  of  study, 
but  there  are  some  so  circumstanced  as  to  render  effectively  this 
substantial  service  not  only  to  the  general  cause  of  engineering 
education  but  to  the  advancement  of  the  profession  itself.  There 
is  certainly  at  present  a  widely  expressed  criticism  that  young 
engineers  are  not  broadly  enough  educated,  that  their  English 
is  defective  and  that  they  are  too  narrow  or  technical  in  their 
views  of  affairs,  all  of  which  simply  means  that  they  lack  those 
educational  attainments  which  are  usually  conferred  by  a  college 
course  of  study  or  its  equivalent.  It  is  not  necessary  that  such  a 
preliminary  training  should  be  four  years  in  length,  or  that  it 
should  be  confined  to  the  classics  and  so-called  humanities.  There 
is  no  reason  why  educational  work  done  in  the  natural  sciences 
or  other  scientific  or  mathematical  subjects  should  not  be  equally 
cultivating  or  broadening,  but  I  believe  it  to  be  beyond  question 
that  such  an  educational  equipment  does  in  the  long  run  broaden 
a  man’s  intelligence,  expand  his  mental  powers  and  fit  him  for 
more  effective  citizenship  as  well  as  professional  work. 

It  may  be  reasonably  doubted  whether  the  engineering  pro¬ 
fession  is  really  so  much  more  specialized  than  that  of  the  law 
and  I  believe  it  may  be  reasonably  asserted  that  it  is  much  less 
specialized  than  the  profession  of  medicine.  In  comparing  the 
conditions  of  entrance  into  the  law  and  medical  schools  with  the 
requirements  for  admission  to  the  engineering  school  of  Columbia 
University,  the  amount  of  specialization  is  not  so  very  different. 
In  fact,  it  is  my  belief  that  these  characteristics  of  the  three  pro¬ 
fessional  schools  are  not  sufficiently  different  to  differentiate  one 
from  the  other  in  respect  to  the  main  educational  features.  If 
it  is  rational  or  desirable  to  require  liberal  general  educational 
training  for  admission  to  the  former  two,  it  is  difficult  to  imagine 
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why  it  is  not  equally  rational  and  suitable  to  require  it  for  the 
latter. 

The  discussion  contributed  by  Mr.  Duff  is  thoughtful  and  in 
line  with  criticisms  of  young  engineers  not  infrequently  expressed 
by  older  practitioners.  Is  it  not  possible,  however,  that  occasional 
unsatisfactory  experiences  with  young  engineers  are  wrongly  in¬ 
terpreted.  Human  nature  is  about  the  same  whether  it  is  found 
in  the  engineering  profession  or  elsewhere.  There  are  young  men 
intelligently  earnest  and  possessing  natural  qualities  which  en¬ 
able  them  to  develop  rapidly  and  accomplish  highly  excellent  re¬ 
sults  in  a  way  eminently  satisfactory  to  their  superiors.  Unfor¬ 
tunately  also  there  are  others  who  possess  less  excellence  and  who 
appear  to  be  indifferent  to  the  responsibilities  entrusted  to  them, 
although  they  apparently  entertain  expectations  of  compensation 
corresponding  both  to  more  elevated  grade  and  higher  excellence. 
It  does  not  seem  to  me,  however,  that  the  latter  kind  are  in  the  ma¬ 
jority.  I  have  had  a  fairly  extended  experience  with  young  engi¬ 
neers  in  actual  work  and  I  have  found  comparatively  few  of  the 
undesirable  kind. 

It  may  be  that  there  are  not  many  young  engineers  who 
could  formulate  and  carry  through  successfully  a  large  finan¬ 
cial  enterprise  but  it  can  scarcely  be  contended  that  that  is  a 
proper  field  for  a  young  engineer.  Such  matters  are  for  older 
and  more  experienced  men  of  affairs.  In  fact  most  business 
men  even  of  experience  find  that  it  taxes  their  ability  to  or¬ 
ganize  and  conduct  successfully  large  corporations.  I  think 
that  observation  among  my  own  acquaintances  in  the  city  of 
Pittsburgh  itself  shows  that  when  engineering  graduates  have 
had  sufficient  experience  they  may  be  entrusted  to  organize 
and  administer  financial  or  other  business  enterprises  of  large 
magnitude  with  enduring  success. 

There  are  some  things  which  may  properly  and  success¬ 
fully  be  taught  in  an  engineering  school  and  there  are  other 
acquirements  of  a  truly  educational  character  which  can  be 
secured  only  in  actual  experience  with  affairs  and  the  business 
which  Mr.  Duff  writes  about  so  effectively  are  among  such 
things.  Skill  and  ability  in  dealing  with  the  methods  by  which 
large  sums  of  money  are  accumulated  and  expended  in  busi- 
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ness  transactions  can  not  be  acquired  in  any  course  of  engi¬ 
neering  study.  Such  matters  relate  to  the  details  of  actual 
business  life  and  it  would  be  a  misuse  of  time  to  attempt  to 
educate  young  men  as  students  into  a  practical  knowledge  of 
such  things.  The  fundamental  principles  of  economic  con¬ 
struction  determining  an  engineer’s  choice  as  to  structures 
and  processes  should  be  given,  and  are  given,  so  far  as  they 
can  properly  be  developed  in  the  classroom.  Similar  princi¬ 
ples  governing  the  cost  of  producing  and  transmitting  power 
are  also  set  forth  in  an  effective  manner,  but  the  banking  side 
of  the  development  of  a  hydro-electric  power  enterprise  would, 
for  instance,  be  out  of  place. 

It  seems  strange  to  me  that  any  experienced  instructor 
should  oblige  his  students  to  confine  the  securing  of  such  infor¬ 
mation  as  they  may  need  in  problems  of  structural  or  other  de¬ 
sign  to  that  which  has  been  given  to  them  in  the  class-room.  On 
the  contrary  it  has  been  my  own  practice  and  the  practice  of 
many  other  instructors  whom  I  know  to  stimulate  and  encourage 
the  habit  in  students  of  seeking  such  needed  information  wher¬ 
ever  it  can  best  be  found,  so  as  to  exercise  their  judgment  and 
expand  their  horizon.  In  fact  it  appears  to  be  a  widely  prevail¬ 
ing  difficulty  to  induce  students  to  do  sufficient  outside  reading 
or  to  stimulate  their  efforts  to  secure  as  wide  range  of  data  as 
possible. 

Mr.  Dexter  brings  out  pointedly  the  fact  that  the  engineer¬ 
ing  profession,  unlike  that  of  the  law,  is  independent  of  prece¬ 
dent.  Indeed  an  engineer  should  probably  avoid  precedent 
rather  than  follow  it,  unless  it  can  be  shown  that  the  precedent 
is  of  such  a  character  as  to  deserve  permanence.  In  other  words, 
precedent  is  constantly  on  the  defensive  in  our  profession.  It 
may  be  inferred  from  his  discussion  that  he  deprecates  the  voca¬ 
tional  educational  training  on  the  ground  that  it  harks  back  too 
much  to  things  done  in  the  same  way  before.  However  that  may 
be,  he  supports  the  view  that  educational  training  in  fundamen¬ 
tals  is  the  correct  procedure,  avoiding  too  much  detail. 

Mr.  Dexter,  however,  criticises  the  plan  of  six  years  educa¬ 
tional  training  extending  from  the  preparatory  school  to  the  be¬ 
ginning  of  work.  At  the  same  time  he  observes  in  connection 
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with  the  present  requirements  for  medical  education  that  “  I  he 
engineering  profession  is  rapidly  approaching  the  point  where 
an  equal  length  of  preparation  will  be  required.”  It  is  not  only 
approaching,  but  it  is  already  here  in  some  places.  Apparently 
one  of  the  main  objections  to  such  a  program  is  the  time  required. 
As  a  matter  of  fact,  the  great  majority  of  students  taking  the 
present  four  year  courses  in  engineering  seldom  graduate  at  a 
less  age  than  twenty-two  or  twenty-three  and  not  so  very  infre¬ 
quently  at  twenty-five  or  twenty-six.  Efficiently  conducted  en¬ 
gineering  education  is  much  like  efficiently  conducted  affairs  of 
any  other  kind.  A  youth  may  be  prepared  to  enter  college  with 
only  reasonable  effort  at  the  age  of  sixteen  or  seventeen,  as  has 
repeatedly  been  shown  within  my  own  personal  experience  and 
as  every  experienced  educator  also  knows.  Such  a  student  would 
begin  his  general  educational  training  at  the  age  indicated  and 
complete  it  at  the  age  of  nineteen  or  twenty,  as  three  years  is 
ample.  There  would  be  included  in  that  training  practically  all  of 
the  work  now  taken  in  the  first  year  of  the  usual  four-year  course. 
He  would  then  begin  his  professional  studies  at  the  age  of  nine¬ 
teen  or  twenty  and  complete  them  at  the  age  of  twenty-two  or 
twenty-three,  as  is  now  done  by  students  who  take  the  usual 
four-year  course. 

There  is  a  distinct  advantage  in  this  plan  which  should  not 
be  ignored.  By  taking  the  cultural  subjects  in  the  earlier  years 
of  educational  work  the  student  gains  useful  habits  of  mental 
acquisition  before  he  undertakes  the  heavier  study  of  his  purely 
technical  subjects.  He  approaches  the  latter  only  when  he  is 
better  qualified  by  prior  experience  and  study  to  do  so  and  with 
the  highest  efficiency  available  to  him. 

In  reading  the  interesting  discussion  contributed  by  Pro¬ 
fessor  Davis  it  is  noticeable  at  one  point  that  he  uses  the  expres¬ 
sion  “teaching  of  theory  versus  practice.”  As  a  matter  of  fact, 
nothing  is  further  from  my  purpose  than  to  make  such  a  distinc¬ 
tion.  I  have  never  either  in  my  work  of  instruction  or  in  engi¬ 
neering  practice  attempted  such  a  distinction,  although  I  know  it 
is  often  made.  It  is  my  continuous  usage  to  insist  in  the  class 
room  that  correct  and  proper  theory  or  analysis  is  as  thoroughly 
practical  as  any  part  of  engineering  practice  whatever.  W  hether 
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a  given  theory  or  analysis  is  practical  depends  wholly  on  how  it 
is  given.  It  certainly  can  be  made  thoroughly  unpractical,  but,  on 
the  other  hand,  it  can  be  made  intensely  practical  and  should  be 
so  made  by  the  competent  instructor. 

It  can  scarcely  be  admitted  that  the  production  of  strong  engi¬ 
neers  by  the  older  professional  analytic  training  in  engineering 
education  “proves  nothing.”  It  would  be  difficult,  I  think,  with 
familiar  knowledge  of  such  an  output,  to  escape  the  inevitable 
conclusion  that  the  kind  of  educational  training  which  those  engi¬ 
neers  received  had  much  to  do  with  the  results,  and  in  some  cases 
nearly  all  to  do.  The  relation  of  cause  and  effect  under  such  con¬ 
ditions  is  too  obvious  to  be  lost. 

It  seems  to  me  that  much  confusion  in  some  quarters  has 
arisen  regarding  the  character  and  quality  of  educational  training 
to  be  given  to  engineers  in  consequence  of  what  is  really  a  funda¬ 
mental  misconception.  The  engineering  school  is  in  essence,  if 
not  in  actual  form  in  some  of  the  older  institutions,  a  profes¬ 
sional  school ;  whereas,  as  a  matter  of  fact,  it  has  too  often  been 
considered  a  kind  of  scientific  college  course,  i.  e.,  a  college  course 
in  which  some  or  most  of  the  cultural  subjects  have  been  dis¬ 
placed  by  technical  subjects.  Such  a  course  of  study  is  not  truly 
an  advanced  course  in  engineering  educational  training,  although 
it  may  serve  an  admirable  purpose  in  many  places.  While  there 
is  doubtless  much  to  be  said  in  favor  of  a  four-year  course  of 
such  a  character,  followed  by  one  or  two  years  of  graduate  work 
for  such  men  as  are  qualified  and  circumstanced  to  take  it,  it 
seems  to  me  that  the  great  bulk  of  educational  experience  has 
shown  the  marked  advantage  in  the  long  run  of  first  laying  a 
broad  cultural  foundation  during  a  period  while  the  student  is 
acquiring  habits  of  mental  assimilation  and  learning  what  the 
beginning  of  serious  work  means,  and  then  developing  on  such 
a  foundation  the  course  of  professional  study.  The  professions 
of  law  and  medicine  have  certainly  found  such  a  procedure  ad¬ 
visable,  and  the  fundamental  principles  in  all  professional  fields 
are  so  similar  that  the  analogy  holds  without  error  for  the  engi¬ 
neering  field. 

The  observations  of  Dean  Walker  regarding  the  cultural  tech¬ 
nical  subjects  to  be  included  in  the  educational  work  of  the  engi- 
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neering  student  are  quite  similar  to  those  made  by  a  number  of 
others  regarding  the  same  subjects.  He  is  in  accord  with  the 
general  treatment  of  the  entire  subject  of  engineering  education, 
but  favors  a  course  in  which  cultural  and  technical  subjects  are 
carried  along  together  throughout  the  course.  Reasons  have  been 
given  in  other  parts  of  the  discussion  for  believing  that  such  a 
procedure  is  not  likely  to  produce  the  most  effective  results,  and 
for  giving  the  liberal  general  education  the  position  of  priority  in 
time  to  the  technical  work  of  the  student.  In  taking  this  position 
I  recognize  the  point  which  has  been  made  especially  by  Pro¬ 
fessor  Swain  that  all  graduates  cannot  be  leaders,  nor  is  it  desira¬ 
ble  that  they  should  be.  It  is  advisable,  however,  that  the  young 
man  who  is  to  be  educated  for  a  profession  develop  his  natural 
gifts  or  powers  in  such  a  way  as  to  make  him  the  most  useful 
citizen  in  the  community  that  his  natural  equipment  will  permit. 
In  other  words,  the  course  of  study  which  would  appear  to  be 
best  is  that  which  is  designed  to  make  the  most  of  the  average 
man.  Those  with  marked  equipment  and  the  leaders  will  take 
care  of  themselves  in  any  event,  and  there  is  such  a  thing  as  the 
inefficient  personality  on  whom  it  is  not  justified  to  expend  either 
four  years  or  six  years  of  educational  training. 

The  observations  made  by  Chancellor  McCormick  show  him 
clearly  to  be  in  sympathy  with  the  best  principles  of  education. 
His  agreement  with  the  main  points  of  the  paper  is  most  assuring. 
He  is  wholly  right  in  stating  that  these  broad  questions  of  educa¬ 
tion  have  arisen  in  other  professions  as  well  as  in  engineering. 
They  cannot  be  evaded  as  professional  work  advances,  and  the 
stage  of  engineering  development  now  reached  makes  it  impera¬ 
tive  for  engineering  educators  to  meet  them. 

Chancellor  McCormick’s  comments  upon  the  six-year  course 
are  judicious  and  well  timed.  It  will  not  be  possible  for  every 
engineering  school  uniformly  to  give  such  an  extended  course. 
Those  who  first  take  up  such  a  course  must  necessarily  be  so  con¬ 
stituted  as  to  make  such  a  step  practicable  and  desirable.  Appar¬ 
ently,  however,  the  time  has  come  when  there  is  a  demand  for 
such  advanced  instruction  in  some  quarters,  and  in  those  quarters 
the  demand  should  meet  a  suitable  response.  It  is  not  expected, 
nor  to  any  extent  whatever  intended,  that  a  young  man  with 
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ordinary  natural  equipment  will,  after  taking  such  an  advanced 
course  of  instruction,  acquire  an  extraordinary  equipment,  but  it 
is  confidently  anticipated  that  he  will  be  qualified  to  make  better 
use  of  his  natural  powers  than  with  a  less  complete  educational 
outfit.  No  course  of  study,  whether  it  be  four  years  or  six  years 
in  length,  or  of  some  other  length,  should  in  general  be  formulated 
for  the  extraordinary  individual,  but  for  the  great  majority  of 
reasonably  intelligent  young  men  whose  mental  equipment  and 
caliber  are  such  as  to  justify  their  education  for  a  profession. 

Dr.  Brashear’s  comments  on  vocational  training  are  highly 
interesting.  It  is  a  valuable  field  of  educational  work,  but  the 
writer  is  of  opinion  that  it  has  indeed  been  distinctly  overdone  in 
many  engineering  schools. 

The  writer  believes  that  Dean  Leete  in  his  comments  has 
touched  upon  some  of  the  most  important  points  to  be  considered 
in  connection  with  engineering  education ;  indeed,  he,  like  Chan¬ 
cellor  McCormick,  expresses  the  conclusions  of  an  experienced 
educator.  His  points  are  well  taken.  There  may,  however,  be  a 
difference  of  opinion  as  to  the  weight  to  be  given  to  his  ideas  in 
influencing  courses  of  study  in  different  schools.  The  four-year 
engineering  course  must  be  continued  in  some  engineering  schools 
for  perhaps  many  years  to  come.  Others  are  in  position  to  begin 
the  six-year  training.  In  fact,  such  a  course  has  been  in  existence 
at  Columbia  University  during  the  past  sixteen  or  seventeen 
years.  In  spite  of  the  fact  that  the  course  was  maintained  under 
such  ineffective  circumstances  as  to  induce  a  few  students  only 
each  year  to  take  it,  it  has  demonstrated  beyond  any  doubt  its 
high  professional  value.  My  own  opinion  based  on  experience  is, 
that  it  is  entirely  feasible  to  conduct  the  four-year  and  six-year 
courses  in  parallel,  so  to  speak,  and  that  by  properly  setting  forth 
the  advantages  of  the  longer  course  it  will  be  entirely  feasible  to 
secure  attendance  for  it  to  such  an  extent  as  eventually  to  dis¬ 
place  naturally  and  smoothly  the  shorter  course. 

Dean  Leete’s  advocacy  of  broad  general  subjects  for  their 
cultural  or  “inspirational”  value  in  a  technical  course  of  study 
illustrates  the  pressing  need  which  the  first  two  or  three  years  of 
the  six-year  course  is  intended  to  supply.  It  is  a  most  essential 
feature  of  the  best  type  of  education  for  engineers.  In  my  judg- 
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ment  his  observations  upon  the  proper  method  of  teaching  science, 
the  consideration  of  engineering  as  first  and  foremost  a  broad 
field,  rather  than  a  specialty,  and  his  views  as  to  laboratory  work, 
are  excellent  and  fundamentally  correct. 

Mr.  Godfrey  properly  regards  “mathematics,  mechanics, 
etc.,”  as  “the  details  that  an  engineer  must  use  in  his  profession, 
and  he  should  be  thoroughly  familiar  with  them  and  with  their 
use.”  This  is  a  judgment  not  often  expressed  by  an  engineer  in 
practice,  but  to  the  writer  it  is  a  correct  judgment,  and  one  which 
will  be  read  with  satisfaction  by  a  great  majority  of  engineering 
instructors,  if  not  by  all.  It  is  not  by  any  means  to  be  supposed 
that  every  graduate  of  an  engineering  school  should  be  an  accom¬ 
plished  mathematician,  nor  is  it  probably  desirable  that  they  should 
be  so.  Those  engineers,  however,  who  are  familiar  enough  with 
mathematics  and  mechanics  to  use  them  in  connection  with  their 
professional  work  possess  an  aid  of  great  value,  and  in  some 
cases  an  aid  so  essential  that  many  important  results  cannot  be 
accomplished  without  it. 

Mr.  James’  contribution  to  this  discussion  has  been  of  spe¬ 
cial  interest  to  the  writer.  His  field  of  engineering  practice  is 
one  in  which  special  analytic  skill  and  profound  knowledge  of 
physics  counts  to  a  marked  extent.  After  years  of  experience 
in  such  a  field  Mr.  James  records  his  unqualified  judgment  in 
favor  of  “a  thorough  grounding  in  the  fundamentals  of  engi¬ 
neering  science.”  In  support  of  that  observation  he  gives  the 
results  of  experience  in  a  great  manufacturing  organization 
showing  that  the  results  of  specialized  training  are  not  by  any 
means  entirely  satisfactory.  In  fact,  quite  the  reverse.  And  it  is 
gratifying  to  notice  that  his  judgment  as  to  the  main  points  of 
the  paper  are  applicable  whether  a  young  man  “becomes  a  civil 
engineer,  a  mechanical  engineer,  or  an  electrical  engineer.”  He 
also  brings  out  a  point  which  has  been  made  by  others,  both 
practitioners  and  instructors,  during  recent  years,  namely,  the 
fact  that  a  young  graduate  cannot  often  predetermine  what  par¬ 
ticular  engineering  work  he  may  follow,  or  whether  in  the  vicissi¬ 
tudes  of  his  early  years  as  a  practitioner  he  may  not  have  to 
change  from  one  line  of  work  to  another.  Under  such  circum¬ 
stances  the  broadly  educated  engineer  will  certainly  possess 


112  PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA. 

marked  advantages  over  one  educated  along  special  lines. 

Mr.  James,  like  Mr.  Godfrey,  is  of  opinion  that  facility  in 
the  use  of  calculus  and  other  mathematical  subjects  is  of  un¬ 
doubted  value  to  many  engineers.  He  states :  “In  my  own 
experience  I  have  seen  considerable  use  made  of  higher  mathe¬ 
matics,  and  I  believe  it  would  be  used  to  a  greater  extent  by 
engineers  if  they  kept  themselves  familiar  with  it.”  This  judg¬ 
ment  would  probably  not  receive  the  concurrence  of  most  prac¬ 
ticing  engineers,  and  yet  I  believe  it  to  be  an  absolutely  correct 
statement.  It  is  probably  true  that  higher  mathematical  analysis 
is  more  necessary  in  electrical  engineering  than  in  either  mechan¬ 
ical  or  civil  engineering,  but  it  is  my  judgment  after  many  years 
of  practical  experience  that  if  an  engineer  in  any  field  whatever 
is  to  accomplish  the  best  professional  work  in  advancing  the 
limits  of  his  professional  field,  facility  in  such  mathematical  oper¬ 
ations  as  those  with  which  he  has  become  familiar  as  a  student 
will  be  one  of  the  most  powerful  aids  to  him  which  he  can 
acquire. 

In  closing  this  discussion  the  writer  wishes  to  call  attention 
to  the  fact  that  in  discussing  the  merits  of  the  six-year  engi¬ 
neering  course  and  other  questions  relating  to  engineering  study 
he  has  made  no  reference  to  graduate  work,  such  as  is  offered  in 
most,  or  all,  engineering  schools.  This  is  not  because  he  is  not 
in  favor  of  such  graduate  work,  for  he  believes  it  to  be  of  great 
value  and  that  it  should  be  offered  in  every  reputable  engineering 
school.  This  omission  has  been  made  simply  because  he  wished 
to  concentrate  attention  upon  a  regular  course  of  engineering 
study,  recognizing,  however,  that  there  will  always  be  some  engi¬ 
neering  graduates  who  are  so  circumstanced  as  to  desire  to  take 
graduate  work.  It  is  his  judgment,  however,  that  with  such  a 
complete,  satisfactory  and  well-rounded  course  of  study  as  that 
afforded  by  a  six-year  course  the  demand  for  graduate  work  will 
be  relatively  small. 

Professor  Thayer’s  judgment  that  educational  training  is  an 
importance  influence  in  determining  the  quality  of  subsequent 
professional  practice  seems  to  the  writer  beyond  dispute,  al¬ 
though  it  obviously  will  not  have  the  same  weight  in  every  case 
and  perhaps  even  in  a  few  cases  little  weight. 
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It  may  be  doubled  whether  the  lack  of  appreciation  by  t He 
public  of  engineers  for  executive  or  administrative  positions  is 
altogether  the  fault  of  the  public.  As  a  general  rule  it  may  rea¬ 
sonably  be  stated  that  the  public  will  accept  a  body  of  profes¬ 
sional  men  at  their  own  valuation,  although  there  may  be  ex¬ 
ceptions  to  that  statement.  In  the  main  if  the  members  of  a  pro¬ 
fession  are  suitably  trained,  perform  their  professional  services 
and  carry  themselves  in  relation  to  the  public  as  effective  mem¬ 
bers  of  their  profession,  the  public  will  respond  accordingly  ;  and 
if  they  do  the  reverse  of  those  things  the  public  will  again  re¬ 
spond  accordingly.  It  is  the  writer’s  belief  that  any  failure  of 
the  members  of  the  engineering  profession  to  attain  to  a  proper 
status  in  the  public  estimation  is  due  entirely  to  themselves  and 
it  is  further  his  belief  and  judgment  that  a  thorough  and  well- 
rounded  educational  training  will  go  far  to  cure  the  defects  of 
that  character. 

Professor  Thayer  makes  another  important  point  in  calling 
attention  to  a  kind  of  contrast  which  is  ordinarily  drawn  between 
theory  and  practice  and  gives  his  opinion  that  they  should  be 
combined.  It  is  the  writer’s  judgment  that  no  such  contrast 
should  exist.  Nothing  is  more  intensely  practical  than  correct 
theory,  properly  set  forth  and  employed.  The  highest  and  best 
type  of  practical  man  is  the  practitioner  who  knows  how  to  use 
correct  theory  or  analysis  in  his  work,  so  as  to  produce  results 
that  are  characterized  by  the  highest  degree  of  economy  and 
efficiency.  There  is  no  real  antagonism  between  theory  and  prac¬ 
tice,  and  no  educational  training  is  properly  set  forth  to  students 
in  which  so-called  theory  and  practice  are  not  harmoniously 
blended  in  effective  results. 


PROTECTION  OF  METAL  STRUCTURES 


By  Frederic  H.  Fay* 

1  he  title  of  this  paper  is  perhaps  over-pretentious  as  it  covers 
a  subject  in  which  all  of  the  various  branches  cannot  even  be 
touched  upon  in  one  evening’s  talk.  No  attempt  will  be  made  to 
cover  the  broad  field  of  protection  of  metal  structures,  but  in¬ 
stead,  the  paper  will  be  devoted  principally  to  an  account  of  the 
author’s  experiences  with  such  structures  in  Boston  in  the 
twenty  years  during  which  he  was  identified  with  the  municipal 
bridge  work  of  that  city. 

Boston  is  a  city  of  bridges.  Within  the  city  limits  there  are 
186  highway  bridges,  to  say  nothing  of  many  railroad  bridges, 
and  in  the  Metropolitan  district  of  Greater  Boston  the  number 
of  bridges  of  all  kinds  is  well  up  into  the  hundreds.  In  this  sec¬ 
tion,  therefore,  experience  in  the  use  of  steel  in  bridge  structures 
under  varying  conditions  has  been  extensive. 


METAL  CORROSION 


In  considering  protection,  attention  is  naturally  directed  first 
to  the  subject  of  metal  corrosion  to  determine  the  conditions  un¬ 
der  which  metal  structures  decay  and  against  which  protection 
is  necessary.  In  the  “Bibliography  of  Metal  Corrosion  and  Pro¬ 
tection  prepared  a  few  years  ago  by  the  Carnegie  Library  of 
I  ittsburgh,  more  than  four  hundred  references  are  given  of  ar¬ 
ticles  relating  to  corrosion  alone.  The  subject  has  already  been 
considered  by  your  Society,  notably  in  the  excellent  and  com¬ 
prehensive  paper  on  “The  Corrosion  of  Iron  and  Steel’’  by  the 
late  Alfred  Sang,  presented  in  1908.  It  is  not  the  author’s  pur¬ 
pose  to  add  to  literature  on  corrosion  other  than  to  illustrate  by  a 
few  examples,  conditions  encountered  in  practice. 

It  has  been  stated  by  Mr.  Sang  that  “Iron  will  not  corrode 
in  air  unless  moisture  is  present,  and  it  will  not  corrode  in  water 
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unless  air  is  present  *  *  *  The  agents  present  in  the  air 

which  accelerate  rusting,  especially  in  or  near  cities  where  much 
fuel  is  consumed,  are  numerous,  but  sulfur  dioxide  and  soot  are 
probably  the  most  destructive  because  together,  in  the  presence 
of  moisture,  they  conspire  to  produce  sulfuric  acid.  The  action 
of  these  two  agents  is  most  marked  in  railway  tunnels  and 
bridges.” 

Experience  in  Boston  has  shown  that  the  corrosion  of  metal 
bridges  has  been  due  principally  to  one  or  more  of  the  following 
causes : 

1.  Exposure  to  locomotive  gases. 

2.  Exposure  to  sea  water. 

3.  Exposure  to  surface  water  leaking  through  bridge 

floors. 

4.  Over-stress  of  the  metal  by  which  corrosion  has  been 

hastened 

1.  Exposure  to  locomotive  gases:  The  first  few  views 
show  typical  rust  conditions  caused  by  locomotive  fumes.  At 
Dartmouth  Street  Bridge  some  old  wrought  iron  floor  beams 
were  removed  in  1911  after  32  years’  service.  During  this  time 
they  received  ordinary  care  as  regards  cleaning  and  painting  and 
their  record  is  not  a  bad  one.  The  beams  had  become  consider¬ 
ably  weakened  by  corrosion  of  the  flanges.  More  striking  ex¬ 
amples  of  corrosion  are  seen  in  the  views  of  the  old  Washing¬ 
ton  Street  Bridge  over  the  Boston  and  Albany  Railroad  where 
the  webs  of  the  plate  girders  beneath  the  bridge  floor  had  been 
completely  eaten  away  over  large  areas,  leaving  holes  through 
the  webs  large  enough  for  a  man  to  crawl  through.  (Figs.  1,  2 
and  3.)  Several  other  examples  of  corrosion  from  locomotive 
gases  will  be  shown  later  on. 


2.  Exposure  to  sea  water :  It  frequently  happens  that  in 
low-level  bridges  over  tide  water,  portions  of  the  metal  work  of 
draw  spans  will  be  covered  at  times  by  salt  water.  Neponset 
Bridge  was  an  example  of  a  small  two-leaf  trunnion  bascule  draw 
span  with  wrought  iron  girders,  the  counter-weighted  ends  of 
which  were  immersed  in  salt  water  when  the  bridge  was  opened 
at  high  tide.  These  girders  were  painted  frequently,  usually 
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Fig.  1.  Washington  Street  Bridge  over  Boston  and  Albany  Railroad. 

Corrosion  of  Wrought  Iron  Girder  (1897). 

with  red  lead,  and  they  were  continued  in  service  32  years 
until  1909,  when  the  bridge  was  rebuilt. 

I  here  are  several  low-level  draw  spans  of  the  “jack-knife” 
t\pe  in  ser\ice  in  railroad  bridges  around  Boston,  portions  of  the 
metal  work  of  which,  particularly  the  needle  beams  supporting 
the  main  trusses  or  girders,  are  often  covered  by  salt  water  at 
high  tides.  So  far,  it  is  believed,  nothing  but  paint  protection 
has  been  used  for  these  bridges.  The  condition  of  frequent  wet¬ 
ting  by  salt  water,  followed  by  exposure  to  the  atmosphere,  is 
a  severe  one. 

3-  posit  re  to  surface  water  leaking  through  bridge 
floors:  Frequently  excessive  corrosion  is  found  in  parts  of  the 
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under  metal  work  of  highway  bridges  even  where  locomotive 
gases  are  absent,  the  trouble  being  due  to  leakage  of  surface  water 
through  the  bridge  floor  at  points  where  suitable  drainage  is  dif¬ 
ficult.  This  condition  is  often  found  in  swing  draw  spans  where 
surface  water  and  street  washings  drain  down  through  the  joints 
in  the  floor  at  the  ends  of  the  swing  span.  The  accompanying 
view  shows  some  steel  floor  beams  from  the  ends  of  the  swing 
draw  span  of  Dover  Street  Bridge,  removed  in  1911  after  17 
years’  service.  (Fig.  4.)  The  other  floor  beams  of  the  draw 
span  were  in  first-rate  condition  and  all  had  received  equal  treat¬ 
ment  as  regards  cleaning  and  painting.  It  is  rather  surprising, 
therefore,  to  note  the  excessive  corrosion  of  these  beams.  In 


Fig.  2.  Washington  Street  Bridge  over  Boston  and  Albany  Railroad. 
Corrosion  of  Wrought  Iron  Girder  (1897). 
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Fig.  3.  Washington  Street  Bridge  over  Boston  and  Albany  Railroad. 
Corrosion  of  Wrought  Iron  Girder  (1897). 


later  designs  of  highway  bridges,  more  attention  has  been  paid 
to  drainage  at  these  joints  between  the  draw  and  the  fixed  spans 
in  Older  to  protect  the  metal  work. 

A  number  of  cases  have  occurred,  of  which  no  illustrations 
are  here  shown,  of  relatively  rapid  corrosion  of  other  parts  of 
the  under  metal  work  of  highway  bridges  due  to  leakage  from 
the  surface.  This  frequently  happens  where  a  plank  flooring  is 
used.  The  desirability  of  the  use  of  waterproofing  to  insure 
tight  floors  is  coming  to  be  more  generally  recognized,  not  only  to 
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prevent  the  dripping  of  water  upon  the  area  beneath  the  bridge, 
but  also  as  a  protection  of  the  under  metal  work  of  the  bridge 
structure. 

4.  Over-stress  of  metal :  Laboratory  experiments  have 
shown  that  steel  stressed  beyond  the  elastic  limit  will  rust  more 
rapidly  than  steel  which  is  not  over-stressed.  This  seems  to  be 
borne  out  by  experience  in  certain  cases  of  highway  bridges  car¬ 
rying  street  railway  loads.  Several  cases  have  occurred  in  the 
older  bridges  in  which  the  track  was  laid  upon  wooden  stringers 
supported  either  on  the  top  flanges  of  floor  beams  or  upon  shelf 
angles  riveted  to  the  webs  of  the  beams,  no  stiffeners  being  pro¬ 
vided  in  either  case.  These  bridges  were  designed  before  mod¬ 
ern  heavy  street  cars  were  thought  of.  When  heavy  cars  have 
been  put  in  service  over  these  structures,  the  outstanding  legs  of 
the  flange  or  seat  angles  immediately  under  the  stringers  have 
been  found  to  rust  very  rapidly  and  rust  much  faster  than  the 


Fig.  4.  Dover  Street  Bridge. 

Floor  Beams  from  Ends  of  Swing  Draw  Span  Corroded  by  Leakage  of 

Water  from  Bridge  Surface  (1911) 
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metal  at  each  side  of  the  stringer.  This  rapid  rusting  may  have 
been  due  in  part  to  the  leakage  of  water  around  the  street  car 
rails,  but  it  is  believed  that  the  over-straining  of  the  metal  sup¬ 
porting  the  stringers,  owing  to  the  absence  of  stift'ener  angles,  has 
been  a  factor  in  the  rapid  decay. 


PAINTS  AND  PAINTING 


\\  hi le  many  paints  have  been  found  which  have  given  satis¬ 
factory  results  on  metal  structures  under  ordinary  conditions, 
they  have  not  proved  an  effectual  protection  of  metal  work  un¬ 
der  extreme  conditions  such  as  exist  in  bridges  over  railroads. 
In  the  case  of  these  structures,  the  failure  of  paint  as  a  protec¬ 
tive  coating  has  frequently  been  due  to  no  fault  in  the  paint  it- 
selt.  In  overhead  bridges  with  low  clearance,  the  blast  action 
ot  locomotives  will  usually  speedily  destroy  any  paint  coating 
Iroub  e  is  often  experienced,  too,  from  faulty  maintenance,  par¬ 
ticularly  where  the  care  of  the  bridges  is  entrusted  to  non-techni- 
cal  hands.  The  metal  work  of  an  overhead  bridge  which  is  above 
the  floor  will  usually  be  kept  well  painted  because  it  is  seen  bv 
the  public,  while  the  metal  work  beneath  the  floor,  which 
requires  far  more  attention,  is  commonly  neglected  because  it  is 
unseen  and  difficult  to  reach.  Only  recently  have  the  municipal 
midges  of  Boston  been  maintained  by  the  engineers  who  built 
them;  for  years  their  care  was  left  to  officials  appointed  from 
po  itical  considerations,  with  results  which  can  readily  be  imagined 
and  which  will  appear  elsewhere.  Under  these  conditions,  the 
uty  bridges  over  railroads  were  often  built  in  the  past  with  floors 
ot  spruce  planking  which  would  require  frequent  renewal,  as  it 
was  found  by  experience  that  only  when  these  floors  were 
stripped  would  the  metal  work  beneath  be  cleaned  and  painted. 

t  is  a  difficult  matter  to  clean  and  paint  a  bridge  over  a 
railroad  particularly  if  the  work  is  to  be  carried  on  without  re¬ 
moval  of  the  bridge  floor,  and  the  headroom  is  limited.  Sand- 

sand  bfaiaS,  m  many  Cases  with  fair  results,  but  the 

,  "  !  W1"  not  remove  rust  scales,  which  can  only  he 

cleaned  off  by  hammers  and  chisels.  Where  trains  are  constants 
passing  beneath  the  structure,  it  is  difficult  to  paint  the  sand- 
blasted  metal  quickly  and  effectivelv 
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Headroom  has  been  found  to  have  consideiable  effect  upon 
the  life  of  a  bridge  spanning  a  railroad.  Along  the  line  of  the 
Boston  and  Albany  Railroad,  in  the  heart  of  the  city,  the  head- 
room  beneath  the  overhead  highway  bridges  is  only  about  fifteen 
feet,  and  these  bridges  in  general  have  rusted  more  rapidly  than 
similar  structures  built  at  about  the  same  time  over  another  road 
where  the  headroom  was  fixed  at  eighteen  feet.  With  a  larger 
headroom  there  has  apparently  been  less  destruction  of  paint  by 
locomotive  blasts,  and  better  ventilation  has  been  secured,  so  that 
the  gases  have  had  less  effect  on  the  metal  work. 

Under  present  day  conditions  such  as  are  found  in  Boston 
and  in  cities  generally,  true  economy  dictates  the  use  of  some 
other  protection  than  paint  for  bridges  over  railroads,  even  if 
the  increase  in  first  cost  be  considerable. 

WOODEN  CEILING  PROTECTION 

The  use  of  wooden  ceilings  at  the  bottoms  of  bridges  over 
railroads  as  a  protection  of  the  metal  work  has  not  been  exten¬ 
sive  in  Boston.  They  have  been  employed  principally  in  portions 
of  deck  plate  girder  bridges  to  protect  the  spaces  occupied  by 
water  pipes.  The  original  Massachusetts  Avenue  Bridge,  for¬ 
merly  known  as  West  Chester  Park  Bridge,  was  of  a  type  of 
construction  commonly  used  in  many  of  the  older  deck  bridges, 
and  consisted  of  a  number  of  girders  spaced  about  7-feet  apart 
with  short  wooden  floor  beams  spaced  close  together  and  resting 
upon  shelf  angles  near  the  tops  of  the  girders.  The  under  floor 
planking  was  laid  longitudinally  upon  the  wooden  beams.  The 
roadway  surface  was  of  2-inch  spruce  laid  transversely,  and  the 
sidewalk  had  a  surface  of  tar  concrete.  Frequently  a  cast  iron 
or  wrought  iron  water  pipe  has  been  laid  under  the  bridge  floor 
in  the  space  between  two  of  the  girders,  and  beneath  the  water 
pipe  a  tight  floor  or  ceiling  of  planking  has  been  placed  upon  tire 
bottom  flanges  of  the  girders.  Experience  has  shown  that  so 
long  as  this  ceiling  beneath  the  pipe  remain  tight  the  results  ob¬ 
tained  were  satisfactory ;  sooner  or  later,  however,  openings 
would  develop  either  by  shrinkage  of  planks  or  by  the  dislodge- 
ment  of  a  plank  by  locomotive  blasts.  As  soon  as  an  opening 
was  made  through  which  the  gases  could  enter  the  space  above, 
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the  wooden  ceiling  was  found  to  be  a  positive  detriment,  inas¬ 
much  as  the  gases  could  not  escape  and  rusting  took  place  more 
rapidly  than  in  the  open  spaces  between  other  girders,  where 
there  was  some  degree  of  ventilation. 

SHEET  LEAD  AS  A  PROTECTION  OF  METAL  WORK 

In  the  case  of  the  Cottage  Farm  Bridge  over  the  Boston  and 
Albany  Railroad,  built  in  1896,  sheet  lead  was  tried  as  a  protec¬ 
tion  for  the  exposed  bottom  flanges  of  steel  I-beams.  The  lead 
was  between  1/16  inch  and  1/8  inch  in  thickness,  and  the  sheets 
were  wide  enough  to  completely  enclose  the  bottom  flange.  After 
the  lead  was  in  place,  brick  arches  were  turned  between  the  beams 
upon  these  flanges,  and  the  space  above  filled  with  concrete,  see 
Fig.  5.  At  the  time  it  was  hoped  that  an  effective  protection  had 


Fig.  5.  Cottage  Farm  Bridge  over  Boston  and  Albany  Railroad. 
Sheet  Lead  Protection  for  Beams  (1896). 

been  found  for  the  I-beam  flanges  but  this  experiment  with  sheet 
lead  was  not  a  success.  The  bridge  is  built  with  very  low  head- 
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room,  only  about  fifteen  feet,  and  it  was  soon  found  that  the 
blasts  from  the  locomotives  wore  away  the  lead  until  it  began  to 
fall  in  sheets  upon  the  trains  beneath.  Ultimately,  all  of  the  lead 
immediately  over  the  tracks  was  stripped  off  to  insure  the  safety 
of  passengers  in  the  passing  trains. 

ASPHALT  COATINGS 

Massachusetts  Avenue  Bridge  over  Boston  and  Albany  Rail¬ 
road  :  In  1908  the  Massachusetts  Avenue  Bridge  over  the  Bos¬ 
ton  and  Albany  Railroad  was  rebuilt  as  a  deck  plate  girder  struc¬ 
ture  with  a  paved  street  surface.  It  consists  of  eleven  girders 
spanning  a  four  track  location.  The  floor  beams  are  12-inch 
steel  I-beams  with  thick  webs.  The  under  flooring  is  of  yellow 
pine  plank  well  protected  by  waterproofing;  wood  block  paving 
is  used  for  the  roadway  surface  and  brick  for  the  sidewalks.  It 
happened  that  this  bridge  was  to  be  erected  during  the  wintei, 
and  although  concrete  would  ordinarily  have  been  used  for  ihe 
protection  of  the  steel  work,  the  difficulty  of  securing  good  re¬ 
sults  with  concrete  in  freezing  weather,  and  the  possibility  of  de¬ 
lay  in  erection,  owing  to  extreme  weather  conditions,  led  to  the 
adoption  of  another  type  of  protective  coating. 

The  experiment  was  tried  of  covering  the  metal  work  with 
a  heavy  coating  of  asphalt.  Standard  preparations  made  by  the 
Standard  Asphalt  and  Rubber  Company  of  Chicago  were  used. 
The  asphalt  protection  was  put  in  place  at  the  bridge  shop.  The 
steel  work  was  first  painted  with  two  priming  coats  of  “Sarco 
Coating  No.  C,”  which  was  heated  moderately,  but  to  less  than 
100  deg.  temperature  before  it  was  applied.  The  surfaces  which 
were  to  be  in  contact  in  the  field  connections  were  then  covered 
with  wooden  templets  in  order  that  they  should  not  be  coated  with 
asphalt.  The  metal  work  then  received  two  heavy  mopping  coats 
of  asphalt  known  as  “Sarco  Waterproofing  No.  6,”  applied  at  a 
temperature  of  between  400  and  450  deg.  Fahr.  Before  the  last 
mopping  coat  was  entirely  cooled,  the  surface  was  swept  over 
with  dry  portland  cement  in  order  to  facilitate  handling  and  to 
keep  the  surface  from  being  sticky.  The  thickness  of  this  as¬ 
phalt  coating  was  about  1/8  inch. 
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Fig.  6.  Massachusetts  Avenue  Bridge  over  Boston  and  Albany  Railroad. 

Asphalt  Coated  Steelwork  in  Position  (1908). 

No  particular  difficulty  was  experienced  in  erecting  these 
asphalt  coated  bridge  members,  see  Fig.  G.  Care  was  taken  to 
use  lagging  wherever  a  chain  was  applied  to  a  member  and  if,  for 
any  reason,  the  asphalt  was  knocked  off,  the  spot  was  gone  over 
in  the  field  with  fresh  applications  of  hot  asphalt.  After  riveting, 
all  field  connections  were  likewise  coated  with  hot  asphalt. 

Before  deciding  upon  the  use  of  asphalt  as  a  protective  coat¬ 
ing,  some  experiments  were  made  to  determine  its  consistency  at 
low  temperatures.  Samples  were  placed  in  a  cold  storage  ware¬ 
house  at  a  temperature  ranging  from  2  to  G  deg.  below  zero  Fahr., 
and  after  several  days’  exposure  at  this  temperature,  the  asphalt 
was  found  to  be  reasonably  soft,  so  that  it  could  be  easily  dented 
with  the  thumb  nail. 

In  designing  the  Massachusetts  Avenue  Bridge,  thick  metal 
was  used  in  all  parts,  particularly  in  the  webs  of  the  girders  and 
floor  beams,  and  ample  section  was  allowed  so  that  a  concrete 
floor  and  concrete  protection  of  the  girders  could  be  put  in  place 
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later  on,  if  desired.  After  six  years'  service,  however,  the  asphalt 
coating  is  found  to  be  in  good  condition. 

Berkeley  Street  Bridge  over  Boston  and  Albany  Railroad : 
Asphalt  coating  similar  to  that  of  the  Massachusetts  Avenue 
Bridge  has  been  used  in  certain  other  bridges  in  Boston,  among 
them  being  Berkeley  Street  Bridge,  where  the  original  floor 
beams  were  taken  out  and  replaced  by  heavier  beams  coated  witjh 
asphalt.  The  next  few  photographs  shows  the  condition  in  which 
Berkeley  Street  Bridge  was  found  in  1910,  after  nineteen  years’ 
service.  It  was  a  wrought  iron  structure,  which  had  become  un¬ 
safe  for  present  day  traffic  because  of  corrosion  and  the  increage 
in  weight  of  street  cars.  In  the  first  view,  Fig.  7,  attention 


Fig.  7.  Berkeley  Street  Bridge  over  Boston  and  Albany  Railroad. 
Corroded  Floor  Beams  Before  Removal  (1910). 


should  be  called  particularly  to  the  shelf  angles  which  supported 
the  wooden  stringers  of  the  bridge.  In  all  cases  the  outstanding 
legs  of  these  angles,  originally  3/8  inch  in  thickness,  were  badly 
rusted  and,  in  some  instances  were  broken  off,  the  stringer  being 
held  merely  by  a  narrow  ledge  at  the  root  of  the  angle.  The 
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Fig.  8.  Berkeley  Street  Bridge  over  Boston  and  Albany  Railroad. 
Reinforcement  of  Track  Stringer  Supports  on  Floor  Beams  (1910). 
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Fig.  9.  Berkeley  Street  Bridge  over  Boston  and  Albany  Railroad. 
Asphalt  Coating  on  New  Floor  Beam  (1910). 
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outstanding-  legs  of  the  flange  angles  had  also  lost  much  of  their 
section  by  corrosion.  Incidentally,  these  floor  beams  throw 
some  light  upon  the  distribution  of  stress  in  long  shelf  angles 
without  stiffeners,  see  Fig.  8.  In  the  original  design,  the  shelf 
angles  supporting  track  stringers  were  made  much  longer  than 
the  other  shelf  angles,  and  as  the  weight  of  street  cars  and  the 
amount  of  car  traffic  increased,  these  long  angles  in  several  in¬ 
stances  cracked  for  a  considerable  distance  at  the  root  of  the 
outstanding  leg,  the  cracks  in  no  case,  however,  extending  to  the 
ends  of  the  angles.  The  method  adopted  by  the  street  railway 
for  the  reinforcement  of  the  track  stringer  shelf  angles  is  shown. 

In  repairing  the  bridge,  the  old  girders  were  allowed  to  re¬ 
main,  but,  as  has  been  stated,  there  were  provided  new  floor 
beams  protected  with  an  asphalt  coating.  A  portion  of  one  of 
these  new  beams  is  shown  in  Fig.  9. 


USE  OF  EXCESS  METAL  AT  DAXGER  TOIXTS 

Berkeley  Street  Bridge  over  Boston  and  Albany  Railroad : 
In  the  Berkeley  Street  Bridge,  just  referred  to,  it  was  found  that 
some  corrosion  had  taken  place  in  the  webs  of  the  main  girders 
below  the  floor  line,  but  the  webs  had  not  sustained  a  serious  loss 
in  section,  and  it  was  believed  that  if  they  could  be  protected  from 
further  corrosion,  the  girders  would  be  good  for  several  years 
longer  service ;  accordingly,  these  webs  were  reinforced  by  54 
inch  plates  riveted  to  each  side  of  the  web,  see  Fig.  10. 

Shawmut  Avenue  Bridge  over  Boston  and  Albany  Railroad : 
Another  instance  in  which  excess  metal  was  useb  at  points  most 
likely  to  rust  is  that  of  floor  beams  of  Shawmut  Avenue  Bridge 
built  in  1904.  This  bridge  has  stringers  of  12  in.  by  14  in.  yellow 
pine,  resting  upon  shelf  angles.  It  is  a  common  experience  in 
cases  like  this  to  And  that  soot  collects  in  the  narrow  space  be¬ 
tween  the  ends  of  the  wooden  stringers  and  the  floor  beam  webs, 
and  that  at  these  points  the  rusting  of  the  webs  takes  place  much 
more  rapidly  than  elsewhere.  This  was  guarded  against  in  the 
Shawmut  Avenue  Bridge  by  the  use  of  a  54  inch  plate  for  the 
full  area  of  the  end  of  the  stringer  on  each  side  of  the  web. 
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Fig.  10.  Berkeley  Street  Bridge  over  Boston  and  Albany  Railroad. 
Excess  Metal  Protection  of  Girder  Webs  (1910). 


WATERPROOFING  BRIDGE  FLOORS  AS  A  PROTECTION  FOR  METAL 

WORK  BENEATH 

Shawmut  Avenue  Bridge  over  Boston  and  Albany  Railroad : 
In  the  Shawmut  Avenue  Bridge  just  referred  to,  the  roadway 
floor  consists  of  granite  block  paving  laid  upon  yellow  pine  under 
planking.  The  floor  is  carefully  waterproofed,  not  only  for  the 
preservation  of  the  planking,  but  also  as  a  paitial  protection  of 
the  metal  work  below,  see  big.  11.  1  he  waterproofing  con>i>t> 

of  four  layers  of  roofing  felt,  each  layer  being  carefully  mopped 
with  pitch,  and  upon  this  is  laid  a  mastic  consisting  of  sand  and 
road  pitch.  Above  the  mastic  is  a  thin  bed  of  paving  sand,  in 
which  the  granite  paving  stones  are  laid.  1  he  object  of  the  mas¬ 
tic  is  to  prevent  injury^  to  the  waterproofing  felt  from  sharp  cor¬ 
ners,  or  other  irregularities,  of  the  paving  blocks.  Care  was 
taken  to  carry  the  waterproofing  up  the  sides  and  over  the  tops 
of  the  wheelguard  timbers.  I  his  tyrpe  of  construction  is  not  now 
recommended  for  bridges  over  railroads,  for  in  such  cases  it  is 
believed  that  true  economy  calls  for  a  bridge  in  which  the  metal 
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work  is  protected  by  concrete,  even  at  larger  initial  expense. 
Such  a  waterproof  floor,  however,  is  considered  a  good  design 
for  bridges  not  exposed  to  the  action  of  locomotive  gases.  Some 
designers  might  prefer  to  use  I-beams  and  buckle  plates  for  the 
wooden  stringers  and  under  planking,  but  experience  with  this 
tpye  of  waterproofing  over  a  period  of  thirty  or  forty  years  shows 
that  the  wood  work  thus  waterproofed  is  most  durable,  and  e\  en 
more  durable  than  steel,  if  the  latter  is  not  well  cared  for. 

Broadway  Bridge  Draze  Span :  The  photograph.  Fig.  12, 


Fig.  12.  Broadway  Bridge  Draw  Span. 
Waterproofing  and  Paving  of  Floor  (1914). 


shows  the  roadway  floor  of  a  draw  span  erected  last  year  in 
Boston,  in  which  the  under  planking  was  waterproofed  for  the 
entire  area,  the  waterproofing  consisting  of  four  layers  of  roofing 
felt  mopped  with  pitch;  mastic,  made  of  sand  and  road  pitch, 
being  used  at  the  street  car  rails.  No  mastic  was  required  as  a 
covering  for  the  roofing  felt,  as  the  pavement  consisted  of  wooden 
blocks,  and  there  was  no  danger  of  injury  to  the  waterproofing, 
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such  as  is  the  case  where  granite  blocks  are  used.  A  thin  sand 
cushion  was  provided  underneath  the  wood  block  paving. 

PROTECTION  OF  METAL  WORK  BY  CONCRETE 

Concrete  or  mortar  has  proven  to  be  by  far  the  most  satis¬ 
factory  protection  for  metal  structures  over  railroads.  It  should 
be  properly  reinforced  with  steel  and,  in  the  author’s  opinion, 
the  best  results  and  the  greatest  degree  of  safety  will  be  obtained 
when  the  steel  reinforcement  is  thoroughly  attached  to  the  metal 
member. 

The  complete  encasement  of  the  bottom  flanges  of  beams  and 
girders  of  overhead  bridges  in  concrete  or  mortar  is  a  difficult 
matter.  Instances  have  come  to  the  author’s  attention  of  the 
failure  of  such  protective  coating ;  in  one  instance  the  bottom 
flanges  of  the  floor  beams  were  covered  with  expanded  metal 
which  extended  underneath  the  flange,  around  the  edges  and 
over  the  upper  surface  of  it.  The  flange  was  then  wholly  sur¬ 
rounded  with  cement  mortar  with  the  expanded  metal  as  a  rein¬ 
forcement.  In  service  it  was  found  that  the  mortar  cracked  at 
the  edges  of  the  flange,  gases  worked  into  the  cracks,  the  ex¬ 
panded  metal  rusted  off,  and  the  mortar  protection  from  the  un¬ 
der  side  of  the  flange  fell  in  sheets  of  considerable  size  upon  the 
roadbed,  or  upon  passing  trains.  Some  designing  engineers  have 
given  up  the  attempt  to  secure  a  mortar  or  concrete  protection 
for  the  underside  of  the  bottom  flanges  of  beams  and  girders,  and 
instead  provide  excess  metal  in  the  flanges  to  allow  for  possible 
loss  of  sectional  area  in  service. 

The  following  views  will  illustrate  different  methods  used 
for  the  concrete  protection  of  metal  bridges  over  railroads,  and 
incidentally,  some  further  examples  of  corrosion  of  these  struc¬ 
tures. 

Boylston  Street  Bridge  over  Boston  and  Albany  Railroad : 
This  bridge  is  among  the  first  in  Boston  in  which  concrete  was 
extensively  used  solely  as  a  protective  coating  for  the  metal.  The 
history  of  the  bridge,  which  will  be  given  briefly  in  order  that 
the  conditions  may  be  clearly  understood,  is  of  some  interest,  par¬ 
ticularly  as  this  was  a  case  of  the  practical  destruction  of  a  bridge 
over  a  railroad  after  eighteen  years’  service,  during  which  time 
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Fig.  13.  Boylston  Street  Bridge  over  Boston  and  Albany  Railroad. 
General  Plan  of  Original  Bridge  Built  in  1889. 
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the  corrosion  of  the  metal  work  had  been  carried  to  the  danger 
point.  The  bridge  at  present  is  a  peculiar  structure,  and  the 
author  does  not  know  of  its  counter-part,  for  it  is  essentially 
two  bridges  in  one,  one  of  the  structures  carrying  the  loads  upon 
the  street  railway  tracks,  the  other,  the  loads  at  the  sides  of  the 
roadway,  and  the  sidewalks.  This  will  be  shown  more  clearly 
by  the  illustrations. 

The  original  bridge,  built  in  1889,  was  a  216  foot  through 
pony-truss  span  built  on  a  sharp  skew.  At  the  time,  it  was  prob¬ 
ably  the  longest  through  pony-truss  span  in  the  country.  It  was 
built  from  designs  of  the  late  John  E.  Cheney,  who  for  a  great 
many  years  was  the  Bridge  Engineer  of  the  City  of  Boston ;  a 
man  who,  because  of  his  modest  and  retiring  nature,  was  perhaps 
not  so  widely  known  among  the  profession  as  some  other  bridge 
engineers,  but  who,  in  the  opinion  of  the  author,  ranked  among 
the  ablest  of  the  bridge  engineers  of  his  time.  The  general  plan 
of  the  original  bridge  is  seen  in  Fig.  13.  The  trusses  are  spaced 
54  feet  apart  on  centers.  Because  of  the  sharp  skew  of  71  deg., 
the  two  trusses  had  a  “lap,”  so  to  speak,  of  only  67 feet,  less 
than  a  third  of  the  length  of  their  216-foot  span,  so  that  overhead 
bracing  was  out  of  the  question.  Mr.  Cheney  solved  the  problem 
by  making  each  truss  a  double  truss.  The  two  halves  of  each 
main  truss  were  themselves  complete  trusses.  They  were  spaced 
6-feet  apart  on  centers  and  thoroughly  connected  at  every  post  by 
a  latticed  framework  which  extended  from  the  top  chords  down 
nearly  to  the  bridge  floor.  At  the  bottoms  of  the  posts  were 
plate  and  angle  diaphragms,  (hidden  in  the  cross-section  shown) 
to  which  the  double  webbed  floor  beam  was  connected  by  a  pin 
at  the  middle  point,  thus  insuring  even  distribution  of  the  floor 
beam  load  over  the  two  halves  of  the  main  truss.  The  two  halves 
of  the  double  truss  being  thus  rigidly  connected,  the  whole  truss 
was  able  to  stand  alone  without  the  aid  of  lateral  bracing. 

It  will  be  noted  that  the  bottom  chords  and  the  lower  por¬ 
tions  of  the  posts  and  diagonals  of  the  trusses  were  below  the 
level  of  the  bridge  floor,  and  that  the  floor  itself  consisted  of 
wooden  stringers  and  plank  surfacing.  At  the  time  the  bridge  was 
designed,  modern  electric  street  cars  were  unheard-of,  and  the  old 
horse  cars  presented  loadings  no  greater  than  many  of  the  heavy 
team  loads  commonly  using  the  city  streets ;  consequently,  as 


FAY - PROTECTION  OF  METAL  STRUCTURES 


135 


will  be  seen  in  the  cross-section,  there  was  no  provision  of  heavy 
stringers  at  the  car  tracks.  Some  time  after  the  bridge  was  built, 
the  weight  of  trolley  cars  had  increased  so  that  heavier  wooden 
stringers  were  placed  beneath  the  car  tracks  by  the  stieet  railw  u\ 
company.  These  track  stringers,  as  before,  rested  upon  the  top 
flanges  of  the  double  webbed  floor  beams,  but  no  stiffeners  were 
added  to  support  the  flanges  under  the  heavier  loading.  Just 
prior  to  the  rebuilding  of  this  structure,  street  cars  of  26  tons 

weight  were  in  constant  service  upon  the  bridge. 

A  clearer  idea  of  the  truss  design  of  the  original  bridge 
may  be  obtained  from  the  photograph  showing  the  erection  of 
one  of  the  main  trusses.  The  erection  was  upon  false  woik 
parallel  to  the  railroad  tracks,  one  end  of  the  double  truss  being 
built  upon  the  masonry  abutment,  the  other  upon  a  timber  tow^er. 
The  erection  was  accomplished  by  sliding  this  tower  across  the 
tracks,  the  truss  being  pivoted  at  the  masonry  abutment,  see  Fig. 

14. 

In  1906,  the  street  railway  company  desired  to  increase  the 
wreight  of  cars  operating  over  this  bridge.  As  the  structure  had 
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Fig.  14.  Boylston  Street  Bridge  over  Boston  and  Albany  Railroad. 
Swinging  a  Double  Truss  of  Original  Bridge  into  Position  Across  Track 

(1889). 
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been  designed  originally  for  a  live  load  of  80  lb.  per  sq.  ft.  over 
the  roadway  and  for  a  single  wagon  of  20  tons’  weight,  and  as  the 
street  railway  company  now  wished  to  provide  for  50-ton  street 
cars  upon  each  of  its  tracks,  it  was  quite  evident  that  something 
must  be  done  to  strengthen  the  structure  for  this  heavier  loaning. 
The  street  railway  company  engaged  Professor  Charles  M.  Spof- 
ford,  now  at  the  head  of  the  Department  of  Civil  and  Sanitary 
Engineering  at  the  Massachusetts  Institute  of  Technology,  to  de¬ 
vise  a  means  of  strengthening. 

Professor  Spofford’s  examination  showed  that  the  original 
design  of  the  bridge  was  such  that  it  was  not  feasible  to  attempt 
to  strengthen  the  original  structure,  and  after  considerable  study 
of  the  problem,  he  devised  an  ingenious  solution.  His  plan  was 
to  provide  a  new  truss  between  the  two  halves  of  each  of  the  two 
side  trusses,  these  new  trusses  to  support  a  new  set  of  floor  beams 
and  track  stringers,  the  whole  being  arranged  in  such  manner 
that  the  new  trusses  would  deflect  vertically  independently  of  the 
old  trusses,  thus  enabling  the  new  trusses  and  the  new  floor  beams 
to  carry  the  entire  weight  upon  the  car  tracks  independently  of 
the  old  structure.  The  contract  for  building  this  street  railway 
structure  was  let  in  the  late  fall  of  1906,  and  the  work  of  erection 
was  begun  in  1907. 

When  Professor  Spofford  began  his  work  upon  the  bridge, 
a  field  inspection  of  the  structure  was  made  by  him  in  company 
with  representatives  of  the  City  Engineer’s  office.  Inspection  of 
the  under  metal  work,  as  is  usually  the  case,  consisted  of  the  ex¬ 
amination  of  a  few  selected  spots  in  semi-darkness  and  in  the 
midst  of  locomotive  smoke,  the  examination  being  made  by 
means  of  ladders  from  the  tracks  below,  and  being  necessarily 
hasty,  as  the  ladders  had  to  be  taken  down  for  the  passage  of 
trains  which  was  frequent.  Subsequent  developments  proved 
that  examination  of  under  metal  work  under  such  conditions  is 
by  no  means  real  inspection.  A  thorough  examination  of  the 
structure  could  only  have  been  made  by  removing  the  entire  floor¬ 
ing,  and  while  this  was  suggested  at  the  time,  it  was  not  done  be¬ 
cause  it  involved  considerable  expense,  as  well  as  some  inter¬ 
ference  with  traffic  over  the  bridge. 
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When  the  bridge  floor  was  removed  in  190?,  preparatory  to 
the  erection  of  the  new  street  railway  structure,  the  metal  work 
of  the  old  bridge  beneath  the  floor  was  found  to  be  in  a  condition 
far  worse  than  anyone  had  anticipated.  1  he  floor  beam  flanges 
beneath  the  track  stringers  had  rusted  so  that  in  many  cases  the 
outstanding  legs  of  the  flange  angles  were  broken  oft*  at  the  root, 
and  the  stringers  had  little  more  than  the  vertical  legs  of  these 
angles  to  bear  upon,  see  Fig.  15.  The  double  webbed  beams 
were  connected  at  intervals  by  plate  and  angle  diaphragms  ex¬ 
tending  nearly  the  full  depth  of  the  webs,  as  well  as  by  latticing 
at  the  top  and  bottom  flanges.  The  diaphragms  had  become 
ereatlv  weakened  through  corrosion,  and  in  one  instance  had 

o  J 


Fig.  15.  Boylston  Street  Bridge  over  Boston  and  Albany  Railroad. 
Corroded  Floor  Beam  of  Original  Bridge  (1907). 
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broken  completely  in  two ;  while  the  lattice  bars,  particularly  at 
the  top,  were  so  badly  rusted  that  in  many  cases,  if  they  had  not 
been  eaten  away,  they  could  be  easily  broken  by  a  light  blow  of 
a  hammer. 

Some  idea  of  the  corrosion  of  the  diagonals  of  the  trusses 
may  be  had  in  Fig.  16  and  the  following  views.  It  may  be  stated 


Fig.  16.  Boylston  Street  Bridge  over  Boston  and  Albany  Railroad. 
Typical  Corroded  Truss  Diagonals  (1907). 
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here  that  this  bridge  was  built  partly  of  wrought  iron  and  partly 
of  steel.  The  floor  beam  just  mentioned  was  of  wrought  iron 
which  was  used  in  all  parts  of  the  structure  except  the  truss  diag¬ 
onals  ;  the  latter  were  steel  eye-bars.  The  steel  diagonals  were 
found  to  be  very  badly  corroded  just  beneath  the  bridge  floor 
where  the  locomotive  gases  had  been  pocketed  between  the  wooden 
stringers.  In  a  number  of  cases  these  eye-bars  had  lost  fully  50 
percent  of  their  section,  some  as  much  as  60  percent,  and  in  the 
worst  case  the  loss  of  section  was  found  to  be  nearly  70  percent. 


Fig.  17.  Boylston  Street  Bridge  over  Boston  and  Albany  Railroad. 
Example  of  Relative  Corrosion  of  Wrought  and  Cast  Iron  (1907). 
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This  was  an  eye-bar  originally  of  an  inch  in  thickness,  in  which 
rusting  had  gone  on  until  the  thickness  was  reduced  to  a  little 
more  than  *4  of  an  inch. 

As  bridge  engineers  well  know,  casual  examination  of  struc¬ 
tures  like  this  fails  to  give  a  true  idea  of  their  condition ;  for 
example,  in  the  case  of  these  eye-bars,  the  rust  scales  were  so 
thick  that  the  casual  observer  would  not  have  detected  loss  of 
section.  Moderate  hammering  such  as  would  be  used  in  ordinary 
inspection,  failed  to  loosen  all  of  the  rust  scales,  and  heavy  ham¬ 
mers,  chisels  and  wire  brushes  were  necessary  to  completely  re¬ 
move  the  rust  and  expose  the  bright  metal. 

Incidentally,  a  good  example  was  found  of  the  relative  cor¬ 
rosion  of  wrought  iron  and  cast  iron  under  the  action  of  locomo¬ 
tive  fumes.  Figure  17  is  of  the  end  of  a  sidewalk  bracket  sup¬ 
porting  the  base  casting  of  a  fence  post.  The  wrought  iron  shelf 
angle  is  badly  corroded,  and  if  the  rust  scales  had  been  removed, 
the  outstanding  leg  would  have  been  found  to  have  lost  the 
greater  part  of  its  sectional  area.  The  cast  iron  base,  on  the 
other  hand,  was  practically  uninjured  and  is  in  use  today  in  the 
reconstructed  bridge.  This  is  a  good  illustration  of  the  fact  that 
where  the  skin  of  the  casting  is  unbroken,  cast  iron  will  not  rust 
as  fast  as  wrought  iron. 

The  decay  of  the  Boylston  Street  Bridge  was  due  to  three 
causes :  First,  and  principally,  to  the  corrosive  effects  of  loco¬ 
motive  fumes ;  second,  to  the  increase  in  weight  of  street  cars 
which  hastened  the  destruction  of  the  floor  beams ;  and,  third,  to 
neglect  on  the  part  of  those  responsible  for  the  maintenance  of 
the  bridge.  Until  four  years  ago,  the  engineering  staff  of  Boston 
had  nothing  to  do  with  the  care  of  the  City’s  bridges.  An  annual 
inspection  of  all  bridges  was  made,  as  a  result  of  which  the  City 
Engineer  frequently  made  recommendations  regarding  the  clean¬ 
ing,  painting  and  repairing  these  structures,  but  his  recommen¬ 
dations  were  received  with  indifference  and  usually  ignored  by 
the  political  appointees  responsible  for  maintenance.  Boylston 
Street  Bridge  was  a  striking  example  of  the  evil  results  following 
such  a  mistaken  policy  of  municipal  administration.  Upon  the 
organization  four  years  ago  of  the  Public  Works  Department  of 
Boston,  engineers  were  placed  at  the  head  of  the  several  divisions, 
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Fig.  18.  Boylston  Street  Bridge  over  Boston  and  Albany  Railroad. 
Cross  Sections  of  Bridge  Floor  as  Finally  Rebuilt  (1908). 
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and  at  the  present  time  the  engineers  who  design  and  build  the 
City’s  bridges  have  charge  of  their  maintenance  also.  It  is  fair 
to  say  that  the  bridges  are  better  cared  for  than  before. 

With  the  disclosure  of  such  startling  evidences  of  corrosion, 
the  original  Boylston  Street  Bridge  was  naturally  condemned  at 
once  as  being  not  only  unsafe,  but  beyond  repair,  and  extensive 
reconstruction  was  decided  upon.  In  rebuilding  the  bridge,  it  was 
determined  to  have  as  much  of  the  steel  work  as  possible  above 
the  bridge  floor  where  it  would  be  protected  from  the  action  of 
gases  and  easily  accessible.  To  accomplish  this,  it  was  decided 
to  raise  the  trusses  about  seven  feet,  bringing  them  wholly  above 
the  floor  level. 

Figure  18  shows  in  a  diagramatic  way,  a  partial  cross-section 
of  the  bridge  as  finally  rebuilt  from  designs  of  Mr.  S.  H.  Thorn¬ 
dike.  The  street  car  tracks  are  supported  upon  the  floor  beams 
of  the  street  railway  structure,  the  floor  beams  being  connected 
to  the  street  railway  trusses  by  means  of  heavy  riveted  plate  and 
angle  hangers.  The  floor  at  the  sides  of  the  roadways  and  the 
sidewalks  is  carried  by  the  new  floor  beams  of  the  City  bridge, 
which  are  hung  to  the  new  main  double  trusses  by  means  of  eye- 
bar  hangers.  By  this  arrangement,  we  have  a  bridge  within  a 
bridge,  the  street  railway  structure  working  independently  of  the 
City  bridge,  there  being  no  connection  between  the  single  street 
railway  truss  and  the  double  City  truss,  except  a  lateral  one  which 
prevents  the  street  railway  truss  from  moving  sidewise,  but  does 
not  interfere  with  its  vertical  deflection. 

Taking  up  the  construction  of  the  new  floor  beams  for  the 
City’s  portion  of  the  bridge,  it  may  be  noted  that  the  main  por¬ 
tion  of  these  beams  are  plate  girders  about  4  feet  in  depth,  with 
cantilever  sidewalk  brackets  with  latticed  web,  see  Fig.  19.  Steel 
channels  are  provided  at  the  top  and  bottom  flanges,  solely  for 
the  purpose  of  resisting  rusting.  Their  section  is  not  counted 
in  determining  the  flange  area.  Incidentally,  these  channels  as¬ 
sist  in  holding  in  place  the  concrete  protection  of  the  webs.  The 
steel  reinforcement  of  the  concrete  protection  consists  of  three 
Yz -inch  square  rods  placed  lengthwise  of  the  beam  on  each  side 
of  the  web  at  mid-height  and  near  the  top  and  bottom  flanges, 
the  rods  passing  through  holes  in  the  stiffener  angles  which  hold 
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19.  Boylston  Street  Bridge  over  Boston  and  Albany  Railroad. 
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them  in  fixed  position.  Attached  to  the  rods  is  a  wire  mesh  re¬ 
inforcement  consisting  of  Kahn  Rib  Metal  of  6-inch  mesh,  the 
ribs  being  vertical  when  the  beam  is  in  position.  Kahn  Rib 
Metal  of  3-inch  mesh  is  bound  around  each  stiffener  angle,  see 
Fig.  20. 

The  floor  beams  of  the  City  bridge  were  concreted  at  the 
bridge  shop.  The  concrete  consisted  of  one  part  portland  cement, 
two  parts  sand,  and  four  parts  small-sized  broken  stone.  1  he 
beams  were  concreted  while  lying  on  their  sides,  and  excellent 
results  were  obtained,  the  contractor  giving  the  surface  a  much 
smoother  finish  than  was  called  for  by  the  specifications,  see  Fig. 
21. 

At  the  time  the  City  rebuilt  its  portion  of  the  bridge,  the 
street  railway  bridge  had  been  erected.  In  the  design  of  the 
street  railway  structure,  provision  had  not  been  made  for  pro¬ 
tecting  the  floor  beams  with  concrete  or  mortar  as  the  rebuilding 
of  the  City’s  portion  had  not  then  been  thought  of,  but  in  view 
of  the  fact  that  the  City  was  rebuilding  its  structure  in  a  fairly 
permanent  manner,  the  street  railway  company  decided  to  protect 
the  railway  floor  beams  in  mortar.  Figure  22  shows  the  two 
types  of  floor  beams  in  cross-section.  As  has  been  stated,  the 
main  portion  of  the  new  City  floor  beam  is  a  plate  girder,  its 
depth  being  three  feet  eleven  inches  deep  back  to  back  of  angles. 
Twelve-inch  channels  with  webs  inch  thick  are  provided  at 
the  top  and  bottom  flanges  to  take  rusting  and  not  as  a  part  of  the 
flange  section.  The  bottom  channel,  which  is  expected  to  last  as 
long  as  the  structure  itself,  is  riveted  to  the  flange  with  counter¬ 
sunk  rivets,  the  heads  of  which  are  not  chipped,  it  being  consid¬ 
ered  that  this  form  of  head  will  be  more  durable  under  the  blast 
action  of  locomotives  than  the  ordinary  rivet  head.  As  the 
channel  at  the  top  flange  is  more  exposed  to  the  action  of  loco¬ 
motive  gases  which  tend  to  hang  just  beneath  the  bridge  floor,  as 
well  as  to  the  action  of  water  which  may  come  down  from  the 
surface,  the  top  channel  is  attached  to  the  flange  by  brass  bolts 
so  that  it  may  be  renewed  in  the  future  if  necessary.  To  guard 
against  possible  electrolytic  action  between  the  brass  and  the 
steel,  3/4  inch  diameter  bolts  were  used  in  15/16  inch  diameter 
holes,  the  holes  in  the  channel  were  countersunk  on  the  top  side, 
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Fig.  23.  Boylston  Street  Bridge  over  Boston  and  Albany  Railroad. 

General  View  of  Bridge  from  Below.  New  City  Floor  Beams  Being  Erected  (1908). 
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the  spaces  surrounding  the  bolts  were  filled  with  elastic  cement, 
and  lead  washers  were  used  between  the  brass  nuts  and  the  top 
surface  of  the  channel. 

The  concrete  protection  of  the  street  railway  floor  beam  was 
necessarily  lighter,  as  that  beam  had  been  designed  without  pro¬ 
viding  for  the  dead  weight  of  such  protection.  In  this  case  the 
protecting  coating  was  of  1  to  1  portland  cement  mortar,  two 
inches  in  thickness,  on  each  side  of  the  web  and  brought  out  at  the 
bottom  so  as  to  protect  the  whole  of  the  upper  side  of  the  bottom 
flange.  To  hold  this  mortar  in  place,  it  was  reinforced  by  Clinton 
wire  cloth  bolted  to  the  floor  beam  web.  Wire  cloth  protection 
was  also  carried  around  each  stiffener  which  was  likewise  pro¬ 
tected  by  mortar.  Steel  angles  were  bolted  to  the  top  flange  of 
this  floor  beam  so  as  to  hold  the  mortar  protection  surrounding 
that  flange.  Wooden  forms  were  provided  for  the  mortar  en¬ 
casement  and  no  difficulty  was  experienced  in  obtaining  good  re¬ 
sults  in  the  field. 

The  erection  of  the  floor  beams  of  the  City’s  portion  of  the 
bridge,  as  well  as  the  beams  of  the  street  railway  portion,  prior 
to  their  encasement  in  mortar  are  shown  in  Fig.  23  and  the  com¬ 
pleted  structure  in  Fig.  24.  In  the  latter  view  it  will  be  noted 
that  all  of  the  metal  work  of  the  trusses  is  above  the  level  of  the 
bridge  floor  where  it  is  well  protected  from  the  action  of  loco¬ 
motive  fumes  and  is  in  a  position  such  that  it  can  be  readily 
painted.  All  of  the  floor  beams  beneath  the  bridge  are  protected 
by  concrete  or  mortar.  The  floor  beam  hangers  are  of  such  heavy 
metal  that  they  are  likely  to  be  durable  and  in  case  it  is  found 
that  they  corrode  unduly,  they  can  be  replaced  without  difficulty. 
The  remaining  metal  work  which  is  not  protected  consists  of 
some  steel  track  stringers  and  some  lateral  bracing  struts,  all  of 
which  can  be  watched  from  time  to  time  and  be  readily  replaced 
when  necessary. 

Huntington  Avenue  Bridge  over  Boston  and  Albany  Rail¬ 
road  :  This  was  an  iron  deck  plate  girder  bridge,  built  in  1872, 
and  continued  in  service  for  thirty-seven  years.  The  extent  to 
which  the  old  girders  had  corroded  at  the  time  of  their  removal 
in  1909  is  shown  in  Fig.  25.  The  webs,  in  particular,  were  badly 
rusted,  so  that  holes  of  considerable  size  were  eaten  through  the 
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Hg.  24.  Boylston  Street  Bridge  over  Boston  and  Albany  Railroad. 
General  View  of  Completed  Bridge  (1908). 
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Fig.  25.  Huntington  Avenue  Bridge  over  Boston  and  Albany  Railroad. 
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girders  near  the  top  flanges,  and  in  other  places  the  web  was  so 
thin  that  a  hole  could  easily  be  made  in  it  by  a  light  blow  of  an 
ordinary  hammer.  The  girders  beneath  the  street  car  tracks  suf¬ 
fered  most,  possibly  owing  to  the  fact  that  they  carried  the  heavi¬ 
est  loading,  and  that  this  loading  was  applied  with  great  fre¬ 
quency,  for  the  street  is  one  of  the  main  thoroughfares  of  the 
city.  Some  time  before  the  bridge  was  finally  condemned,  the 
street  railway  company  built  a  temporary  timber  trestle  beneath 
the  track  girders,  otherwise  these  girders  would  probably  have 
failed  under  the  street  car  traffic,  see  Fig.  26. 

The  design  of  the  new  bridge  followed,  in  a  general  way, 
that  of  the  old  structure,  deck  plate  girders  being  used  with 
close  spacing.  In  building  the  new  bridge,  however,  it  was  de¬ 
cided  to  encase  all  steel  work  except  the  bottom  flanges  of  gird¬ 
ers  and  floor  beams  in  concrete,  and  the  bridge  was  to  have  a  well- 
waterproofed  paved  floor.  In  the  case  of  this  bridge  all  the  con¬ 
creting  was  done  in  the  field.  Figure  27  shows  the  method  of 
placing  the  steel  reinforcement  on  the  main  girders,  which  was 
the  same  as  that  used  for  the  floor  beams  of  Boylston  Street 
Bridge.  Longitudinal  rods  passing  through  the  outstanding  legs 
of  the  stiffener  angles  at  the  top,  bottom  and  middle  of  the  girder 
on  each  side  support  a  wire  mesh  of  Kahn  Rib  Metal,  which  en¬ 
closes  both  the  web  and  the  stiffener  angles.  The  stiffeners  were 
placed  with  uniform  regularity  throughout  the  length  of  the  span, 
so  that  the  wooden  forms  for  the  concrete  protection  of  the  webs 
could  be  made  of  standard  sizes  and  used  more  than  once.  The 
floor  beams  were  steel  I-beams,  and  were  spaced  4  feet  Sj/2 
inches  apart,  except  beneath  the  car  tracks  where  the  spacing 
was  made  2  feet  4-^4  inches,  beams  being  placed  close  together  be¬ 
neath  the  tracks  for  the  reason  that  it  was  desired  to  put  these 
tracks  in  service  as  quickly  as  possible  after  placing  the  concrete 
flooring  and  before  the  concrete  would  have  time  to  reach  its 
working  strength.  The  web  forms  were  cut  at  the  top  to  fit  the 
curve  of  the  floor  arches,  see  big.  28.  The  concreting  of  the 
webs  and  of  the  floor  arches  was  carried  on  as  a  continuous  oper¬ 
ation.  The  concrete  was  composed  of  one  part  portland  cement, 

two  parts  sand,  and  five  parts  broken  stone,  not  exceeding 
inch  diameter. 


Fig.  26.  Huntington  Avenue  Bridge  over  Boston  and  Albany  Railroad. 
Temporary  Trestle  Support  for  Old  Track  Girders  (1908). 
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lfig.27.  Huntington  Avenue  Bridge  over  Boston  and  Albany  Railroad. 
Steel  Reinforcements  for  Concrete  Protection  of  Girders  (1909). 


154  PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA.' 

It  has  been  stated  that  no  attempt  was  made  to  carry  the 
concrete  protection  underneath  the  flanges  of  the  girders  or  floor 
beams.  In  the  case  of  the  girders  an  extra  flange  plate  was  pro¬ 
vided  at  the  bottom  to  allow  for  rusting,  while  a  channel  at  the 
bottom  of  each  floor  beam  was  provided  for  a  similar  purpose, 
a  channel  with  a  web  *4  inch  thick  being  used,  and  no  allowance 
for  the  channel  being  made  in  figuring  the  strength  of  the  beam. 
As  a  protection  for  the  concrete  flooring  against  the  blast  action 
of  locomotives,' blast  shields  consisting  of  15-inch  steel  channels 
with  upturned  flanges,  the  channels  being  filled  with  concrete, 
were  provided  over  each  track.  The  roadways  were  surfaced 
with  brick,  the  sidewalks  with  asphalt,  and  on  one  side  of  the 
bridge  where  a  48-inch  diameter  cast  iron  water  pipe  was  placed 
between  two  of  the  girders,  the  floor  was  made  in  removable 
slabs,  so  that  access  to  the  pipe  from  above  could  be  had,  if  neces¬ 
sary,  see  Fig.  29.  It  being  not  feasible  to  enclose  the  pipe  sup¬ 
ports  in  concrete  or  mortar,  they  were  made  of  cast  iron  rather 
than  steel  in  order  to  insure  durability.  This  bridge  has  been  in 
service  for  over  five  years,  and  is  in  good  condition. 

Tremont  Street  Bridge  over  Boston  and  Albany  Railroad : 
This  is  a  through  plate  girder  bridge  carrying  a  highway  over 
the  railroad  and  replacing  an  old  bridge  with  wooden  floor.  The 
bridge  is  maintained  by  the  railroad  company  which  built  the 
present  structure.  The  bridge  consists  of  five  plate  girders  pro¬ 
viding  two  sidewalks  and  two  roadways,  girders  being  placed 
along  each  street  line  at  the  outside  of  the  sidewalk.  The  bridge 
has  a  width  of  70  feet  and  a  span  of  about  63  feet  over  all.  The 
floor  construction  of  the  roadways  consists  of  15-inch,  71  lb. 
Bethlehem  I-beams  spaced  about  18  inches  on  centers,  the  beams 
having  a  span  of  25  feet.  The  sidewalks  have  floor  beams  con¬ 
sisting  of  8-inch  I-beams  spaced  about  4  feet  6  inches  on  centers 
between  which  are  5-inch  I-beam  stringers  18  inches  on  centers. 
In  both  the  roadways  and  the  sidewalks,  the  floor  construction 
is  solid  concrete  with  steel  reinforcement,  see  Fig.  30.  In  the 
roadway  the  under-surface  of  the  concrete  is  flush  with  the 
under  side  of  the  flanges  of  the  main  girders,  the  steel  of  each  of 
the  three  latter  being  exposed. 
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big.  29.  Huntington  Avenue  Bridge  over  Boston  and  Albany  Railroad. 


FAY - PROTECTION  OF  METAL  STRUCTURES 


15? 

Beneath  the  sidewalks  the  under  side  of  the  concrete  is  1 
inches  higher  and  at  the  level  of  the  back  of  the  angle  of  the 
main  girders.  The  sidewalk  girders,  the  bottom  flanges  of  which 
are  set  at  an  elevation  several  inches  above  that  of  the  three  mid¬ 
dle  girders,  have  their  bottom  flanges  wholly  encased  in  con- 
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Fig.  30.  Tremont  Street  Bridge  over  Boston  and  Albany  Railroad. 

Details  of  Floor  Construction  (1912). 

Crete.  The  concrete  is  carried  part  way  up  the  webs  of  all 
girders.  The  roadway  floor  surfacing  consists  of  brick  pavement 
at  the  car  track  and  at  each  side  of  the  middle  girder  and  of 
asphalt  surfacing  for  the  remainder  of  the  roadway.  This  ar¬ 
rangement  was  adopted  because  of  the  limited  depth  of  floor  al¬ 
lowable  at  the  girders.  The  concrete  is  not  waterproofed,  except 
that  in  the  roadway  the  top  surface  was  painted  with  asphaltic 
paint  and  asphaltic  vaultlight  compound  was  used  as  a  coating 
on  the  inclined  concrete  surfaces  at  the  wheel  guards.  Atten- 
tion  should  be  called  to  the  fact  that  the  under  surface  of  the 
bridge  is  practically  a  plane.  By  this  arrangement  there  are  no 
pockets  in  the  floor  construction  where  gases  can  linger  and  cause 
trouble,  and  even  a  slight  wind  is  sufficient  to  blow  all  gas  and 
smoke  from  beneath  the  bridge. 

As  a  protection  to  the  concrete,  cast  iron  blast  guards  are 
provided  over  each  track.  The  guards  are  chilled  castings  *20 
inches  wide  with  their  under  surfaces  flush  with  the  under  sur- 
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face  of  the  concrete.  They  are  bolted  by  means  of  hangers  to 
the  floor  beams.  The  bridge  was  designed  by  Mr.  W.  F.  Steffens, 
at  that  time  Engineer  of  Structures  of  the  Boston  and  Albany 
Railroad. 

Harrison  Avenue  Bridge  over  Boston  and  Albany  Railroad: 
This  structure  is  an  overhead  bridge  and  it  is  now  being  rebuilt. 
Its  condition  can  be  judged  from  the  photograph  of  the  side¬ 
walk,  Fig.  31,  taken  last  year  when  the  flooring  was  removed. 


Fig.  31.  Harrison  Avenue  Bridge  over  Boston  and  Albany  Railroad. 

Corrosion  of  Old  Bridge  (1914). 


Incidentally,  these  views  show  some  of  the  many  structures 
which  bridges  are  called  upon  to  carry,  the  structures  here  being 
cast  iron  gas  pipes,  conduits  for  electric  wires,  pneumatic  mail 
tubes  and  a  water  pipe.  The  pneumatic  tubes  and  the  water  pipe 
were  of  steel  protected  with  outer  coverings. 

As  is  usually  the  case  in  rebuilding  old  bridges  over  rail¬ 
roads,  the  railroad  clearance  line  and  the  street  profile  are  fixed, 
making  the  depth  of  floor  very  shallow  for  solid  floor  construe- 
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Fig.  32.  Harrison  Avenue  Bridge  over  Boston  and  Albany  Railroad. 
Details  of  Floor  Construction  of  New  Bridge  (1915). 


tion  with  pavement.  The  old  bridge  had  plank  surfacing,  lhe 
new  bridge.  Fig.  32,  is  a  through  plate  girder  structure  and  the 
roadway  floor  beams  of  about  33  foot  span  consists  of  14-inch 
Bethlehem  H-column  sections,  weighing  227.5  pounds  per  foot, 
the  floor  beams  being  spaced  2  feet,  Y  inches  on  centers.  1  his 
heavy  section  was  used  for  stiffness. 

At  both  sidewalks  provision  is  made  for  numerous  pipes  and 
conduits,  one-half  of  the  westerly  sidewalk  being  given  up  wholly 
to  water  pipes,  to  the  exclusion  of  foot  traffic  on  that  half  width. 

The  roadway  floor  is  filled  solid  with  concrete  from  the  level 
of  the  under  side  of  the  bottom  flange  of  the  roadway  girders  to 
a  height  varying  from  1  y2  inches  to  3 y2  inches  above  the  tops  of 
the  floor  beams.  Steel  reinforcing  rods  are  placed  longitudinally 
beneath  the  floor  beams  to  hold  the  concrete  in  place. 

The  sidewalk  floor  beams  consists  of  7-inch  or  8-inch  I- 
beams,  and  they  are  completely  enclosed  in  concrete  like  the  road¬ 
way  floor  beams,  steel  reinforcement  being  used  in  the  same  man- 
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ner  as  in  the  roadway.  The  sidewalk  girders  are  placed  at  a 
higher  elevation  than  the  roadway  girders,  such  that  the  concrete 
is  carried  underneath  the  bottom  flange  and  up  on  the  outside  of 
the  girder  for  the  full  height  of  the  latter.  The  two  outer  girders 
and  the  middle  girder  in  the  westerly  sidewalk  are  completely 
encased  in  concrete,  but  at  the  two  roadway  girders  the  concrete 
is  carried  up  on  each  side  of  the  web  to  a  point  a  few  inches 
above  the  wheel  guard. 

1  he  Boston  Elevated  Railway  Company  operates  surface 
cars  over  the  bridge  upon  two  tracks.  The  rails  are  the  A.  S.  C. 
E.  Standard  85-pound  section  supported  upon  steel  ties  between 
alternate  roadway  beams,  the  top  of  the  tie  being  flush  with  the 
top  of  the  concrete.  This  allows  the  use  of  a  4-inch  wood  block 
pavement  as  well  as  a  sand  cushion  and  waterproofing  layer  on 
top  of  the  concrete  which  together  make  up  a  depth  of  about 
1%  inches. 

The  under  side  of  this  bridge  is  to  be  a  perfectly  smooth 
plane  with  no  pockets  anywhere  in  which  gases  can  lodge.  This 
is  the  best  possible  condition  as  regards  ventilation,  and  provision 
for  ventilation  is  important. 

Over  each  track  cast  iron  blast  guards  are  provided,  the  bot- 
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Fig.  33.  Harrison  Avenue  Bridge  over  Boston  and  Albany  Railroad. 
Details  of  Blast  Guards  for  Protection  of  Concrete  Floor  (1915). 
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tom  of  the  guard  being  made  flush  with  the  under  side  of  the 
concrete,  see  Fig.  33.  The  guards  consist  of  chilled  iron  castings 
21  inches  wide,  their  lengths  varying  from  about  21  inches  to  3 
feet,  to  fit  the  spaces  between  girders.  The  castings  are  hung  to 
the  floor  beams  and  at  each  outside  girder  the  casting  is  brought 
up  around  the  outer  edge  of  the  flange  in  order  to  procure  ade¬ 
quate  protection  of  the  concrete.  The  bridge  is  designed  by  Mr. 
A.  D.  Case,  Engineer  of  Structures  of  the  Boston  and  Albany 
Railroad,  which  company  maintains  the  structure. 

Boston  and  Albany  Railroad  Bridge  No.  88,  West  Warren . 
Mass. :  This  bridge  is  an  example  of  the  protection  of  steel 
work  by  the  use  of  the  cement  gun.  It  is  a  deck  railroad  struc¬ 
ture,  crossing  a  stream  at  such  low  elevation  that  it  would  be 
difficult  to  get  access  to  the  bottom  of  the  bridge  for  the  purpose 
of  painting ;  accordingly,  it  was  decided  to  give  the  girders  a  per¬ 
manent  coating  of  cement  mortar.  Fig.  3d  shows,  in  the  fore¬ 
ground,  girders  which  were  ready  to  receive  the  mortar.  This 
is  held  in  place  by  reinforcing  metal,  the  reinforcement  consist¬ 
ing  of  vertical  rods,  RJ  inch  in  diameter,  bent  around  the 

\  ■■■ 


Fig.  34.  Boston  and  Albany  Railroad  Bridge  No.  88.  West  Warren.  Mass. 
Metal  Reinforcement  for  Cement  Mortar  Protection  of  Girders  (1913). 
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Fig.  35.  Boston  and  Albany  Railroad  Bridge  No.  88,  West  Warren,  Mass. 
Application  of  Cement  Mortar  Protection  to  Girders  by  Cement  Gun 

Process. 


flanges  and  close  to  the  web.  Attached  to  the  %  inch  rods  is 
fine  wire  mesh,  or  “chicken”  wire,  which  is  held  by  them  at  a 
distance  of  about  ]/\  inch  from  the  web  and  flanges.  The  wire 
mesh  is  carried  around  each  stiffener. 

Figure  35  shows  the  application  of  the  mortar  by  the  cement 
gun  process.  Nazareth  cement  was  used,  and  mixed  with  fine 
sand  in  the  proportion  of  one  part  cement  and  two  parts  sand. 
In  the  cement  gun  method,  as  is  well  known,  the  cement  and 
sand  are  mixed  dry  and  forced  under  air  pressure  through  a 
special  nozzle,  where  water  is  introduced  in  amount  sufficient 
to  give  the  desired  degree  of  wetness  to  the  mixture. 

These  girders  remained  in  the  railroad  yard  for  nearly  a 
year  before  they  were  taken  to  the  bridge  site  at  West  Warren 
and  erected.  It  is  stated  that  no  difficulty  was  experienced  in 
handling  the  girders,  so  far  as  the  mortar  coating  was  concerned. 
The  cost  of  this  reinforced  mortar  protection,  applied  by  the 
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cement  gun  method,  is  stated  to  be  between  twenty  and  twenty- 
five  cents  per  square  foot. 

For  information  concerning  the  Boston  and  Albany  Rail¬ 
road  bridges  here  noted,  the  speaker  is  indebted  to  Mr.  A.  I). 
Case,  Engineer  of  Structures  of  the  Railroad,  of  which  Mr.  F.  B. 
Freeman  is  Chief  Engineer. 


Fig.  36.  Dover  Street  Bridge  Draw  Pier. 

Disintegration  of  Concrete  by  Sea  Water  Between  High  and  Low  Tide 

(1910). 
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PROTECTION  OF  STEEL  IN  TIDE  WATER  FOUNDATIONS 

Long  experience  with  concrete  in  salt  water  has  shown  that 
where  the  concrete  is  submerged  it  is  durable,  and  mass  con¬ 
crete  is  commonly  used  around  Boston  as  a  foundation  of  piers, 
abutments  and  retaining  walls  below  low  water  line.  Where 
concrete  is  used  between  low  water  and  high  water  levels,  and 
is  exposed  alternately  to  the  tide  water  and  to  the  air,  it  is  likely 
to  disintegrate  under  conditions  such  as  exist  in  Boston  Harbor. 
In  that  locality  numerous  examples  of  the  failure  of  concrete 
structures  in  tide  water  between  the  low  water  and  high  water 
levels  are  to  be  found,  this  destruction  doubtless  being  hastened 
by  frost  action.  In  the  opinion  of  the  author,  it  is  probably 
possible  to  build  concrete  structures  which  will  be  durable  under 
these  conditions  of  alternate  exposure  to  air  and  to  salt  water, 
but  durability  is  to  be  secured  by  using  rich,  dense  concrete,  par¬ 
ticularly  at  the  surface  so  exposed,  and  by  allowing  the  concrete 


Fig.  37.  Chelsea  Bridge  North  Draw  Pier. 

Use  of  Steel  I-Eeams  in  Interior  of  Concrete  Pier  (1912). 
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to  thoroughly  set  over  a  long  period — preferably  months — before 
it  comes  in  contact  with  salt  water.  The  latter  condition  pre¬ 
cludes  the  possibility  of  building  a  concrete  structure  in  place 
unless  it  is  enclosed  in  a  cofferdam,  from  which  the  tide  water 
is  kept  constantly  pumped  out  until  the  concrete  is  thoroughly 
set. 

Dover  Street  Draw  Pier :  An  example  of  the  disintegra¬ 
tion  of  concrete  exposed  to  tidal  action  between  low  water  and 
high  water  is  shown  in  Fig.  36,  a  portion  of  the  draw  pier  of 
Dover  Street  Bridge,  where  the  concrete  had  been  eaten  away 
to  a  depth  of  nearly  18  inches  in  about  sixteen  years. 

Chelsea  Bridge  A  ortli  Draze  Pier :  The  accompanying  view 
(Fig.  3;)  shows  some  steel  I-beams  placed  at  about  low  water 
level  in  the  center  of  the  draw  pier  of  Chelsea  Bridge  North  in 
lbl*2.  The  draw  span  is  a  rim  bearing  structure  whose  weight 
comes  on  the  outer  circumference  of  the  pier,  enabling  the 
latter  to  be  made  hollow  for  a  considerable  depth  below  low 
water;  the  steel  beams  carry  the  concrete  from  low  water  line 
up  to  the  top  of  the  pier.  As  is  the  practice  in  masonry  struc¬ 
tures  of  this  character,  granite  is  used  as  a  facing  and  protection 
of  the  concrete  above  low  water  level.  Under  these  conditions 
it  is  expected  that  these  steel  beams  will  be  durable,  and  no  special 
precautions  were  taken  to  secure  durability  of  the  concrete  en¬ 
closing  them  as  such  precautions  were  considered  unnecessary. 

Meridian  Street  Bridge  Draw  Pier :  At  Meridian  Street 
Bridge,  on  the  other  hand,  a  steel  grillage,  protected  by  concrete, 
was  used  in  the  draw  foundation  under  conditions  in  which  it 
was  thought  desirable  to  provide  waterproofing  as  a  further  pro¬ 
tection  to  the  concrete.  In  rebuilding  this  bridge  in  1912,  it  was 
necessan  to  build  a  new  foundation  for  the  draw  span,  and  as 
the  structure  was  of  a  somewhat  temporary  character,  it  was 
decided  for  the  sake  of  economy  to  build  the  draw  foundation 
of  piles,  over  which  the  weight  of  the  center  bearing  swing  draw 
is  distributed  by  a  framework  of  girders,  see  Fig.  38.  In  build¬ 
ing  this  foundation,  a  timber  platform  was  constructed  on  top 
of  the  pile  caps,  and  upon  the  platform  was  built  a  cofferdam  of 
wood,  which  constituted  the  sides  of  a  box  extending  above  high 
water  level.  The  floor  and  sides  of  this  box  were  then  carefully 
waterproofed,  the  waterproofing  being  held  against  water  pres- 
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Fig.  38.  Meridian  Street  Bridge. 

Steel  Grillage  of  Draw  Pier  Before  Concreting  (1912). 

sure  by  a  layer  of  boarding  which  will  be  seen  in  the  photograph. 
The  steel  grillage  was  then  wholly  enclosed  in  concrete,  the 
wooden  cofferdam  being  left  in  position  as  a  permanent  protec¬ 
tion  of  the  concrete.  This  construction  is  intended  to  keep  salt 
water  away  from  the  concrete  between  the  levels  of  low  water 
and  high  water,  and  if  this  is  accomplished,  the  concrete  itself 
should  serve  as  a  good  protection  of  the  steel  work. 

CONCLUSION 

The  engineer  of  today  who  designs  metal  structures  must 
consider  questions  of  durability  as  well  as  strength.  He  must 
have  in  mind  the  destructive  agencies  to  which  these  structures 
will  be  exposed  in  service  and  must  take  special  measures  to  pro¬ 
tect  them  from  decay.  Economy  in  first  cost  is  by  no  means 
true  economy.  In  a  great  many  cases  the  increase  in  initial  cost 
necessary  to  provide  adequate  protection  for  a  structure  is  not 
only  warranted,  but  demanded,  when  account  is  taken  of  the  in¬ 
creased  length  of  life  of  the  metal  work  resulting  from  such 
protection. 
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CORRESPONDENCE 

Mr.  Robert  A.  Cummings:*  The  interest  in  this  subject  is 
universal,  and  Mr.  Fay’s  paper  appears  to  be  a  record  of  prac¬ 
tical  experience. 

Where  he  refers  to  the  protection  of  metal  work  by  con¬ 
crete,  it  is  difficult  to  resist  the  temptation  to  emphasize  the 
differences  in  concrete.  Mass  concrete  is  not  applicable  to  metal 
work.  Unfortunately,  it  is  too  true  that  a  great  deal  of  mass 
concrete  has  been  applied  in  the  vague  hope  that  it  might  pro¬ 
tect  the  metal  work,  but  more  frequently  it  acts  as  an  addition 
to  the  dead  load  and  has  no  real  useful  purpose.  In  other 
words,  it  is  a  mistaken  application  of  concrete. 

On  the  other  hand,  Portland  cement  mortar  should  be  ap¬ 
plied  in  appreciably  thin  coatings,  either  as  a  paint  or  suffi¬ 
ciently  thick  to  protect  its  own  reinforcement.  What  this 
thickness  should  be  is  partly  dependent  upon  the  density,  and 
porosity  of  the  mortar.  All  surfaces  should  be  as  nearly  uniform 
as  possible,  that  is,  angles  and  projecting  corners  should  be 
avoided. 

In  connection  with  the  experience  of  Mr.  Fay  on  the  un¬ 
satisfactory  use  of  expanded  metal  on  the  bottom  flange  of 
beams  and  girders  of  overhead  bridges,  attention  is  called  to  a 
reinforcement  called  “Efficiency  Beam  Wrapping.”  This  ma¬ 
terial  is  automatically  clamped  to  the  flanges  of  the  beams  and 
at  the  same  time  is  so  positioned  as  to  reinforce  the  applied 
mortar. 

In  the  description  of  the  Harrison  Avenue  Bridge  over  the 
Boston  and  Albany  R.  R.,  reference  is  made  to  the  uniform 
surface  of  the  under-side  of  the  bridge.  This  is  an  excellent 
feature  and  should  be  especially  emphasized,  as  also  the  method 
of  applying  cement  mortar  to  the  metal  work  by  the  “cement 
gun”  method.  Mortar  applied  by  this  method  is  verv  dense 
and  has  given  satisfactory  service. 

Where  reference  is  made  to  the  “Protection  of  steel  in 
tide-water  foundations,”  whether  in  Boston  or  any  other  ma¬ 
rine  harbor,  the  same  rule  applies.  That  is,  the  concrete  must  be 

♦Consulting  Engineer,  Benedum  Trees  Building,  Pittsburgh. 
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dense  and  uniformly  placed  if  it  is  expected  to  resist  mechanical 
action  of  frost  through  severe  winters.  The  failures  at  Boston 
are  more  or  less  notorious,  and  it  is  hardly  becoming  to  throw 
stones,  when  those  of  us  of  this  locality  also  “live  in  glass 
houses.”  But  I  believe  that  it  is  a  fact  that  the  aggregates  ob¬ 
tained  in  the  vicinity  of  Boston  are  said  to  be  very  variable  and 
treacherous.  It  may  be  suggested  with  propriety  that  this  ma¬ 
terial  accounts  for  the  failures  mentioned,  to  say  nothing  of  the 
other  inexcusable  practice  of  omitting  the  thorough  puddling  and 
consolidation  of  the  concrete  after  it  is  placed  in  the  forms.  This 
in  a  measure  reflects  somewhat  upon  engineering  supervision, 
but  it  is  a  well  known  fact  that  such  neglect  is  accountable  for 
the  concrete  failures  that  have  been  mentioned. 

In  no  case  in  the  writer’s  experience  during  the  past  several 
years  on  the  East  Coast  has  he  found  a  failure  or  indication  of 
failure  of  concrete  when  skillfully  placed  in  sea  water. 

Eight  or  nine  years  ago,  in  the  Harbison- Walker  Refrac¬ 
tories  Company’s  docks  at  Chester,  Pa.,  concrete  piles  were  used 
in  30  feet  of  water,  and  were  driven  to  refusal  with  a  7000-  pound 
drop  hammer.  As  a  result  of  a  recent  examination,  neither  the 
docks  nor  the  railroad  approach  shows  any  evidence  of  disinte¬ 
gration  or  failure. 

Dr.  J.  S.  Unger  :*  Mr.  Fay’s  paper  has  been  of  particular 
interest  to  me,  and  probably  to  the  majority  of  the  engineers 
present,  as  it  is  one  which  means  greater  durability  for  any 
exposed  steel  or  iron  structure. 

The  author  brings  out  very  clearly  the  difficulties  of  trying 
to  keep  a  bridge  properly  painted,  especially  where  the  parts  are 
not  easy  of  access,  or  where  the  corrosion  is  very  rapid,  due 
to  both  the  mechanical  and  chemical  effect  of  the  gases.  We  all 
know  that  the  moderately  tight  floor  of  a  highway  bridge  will 
retain  the  water  and  remain  more  or  less  moist  almost  con¬ 
stantly,  resulting  in  rapid  corrosion.  Such  floors  are  not  often 
removed.  When  such  is  done,  it  is  often  found  that  the  struc¬ 
ture  has  suffered  serious  deterioration. 

This  condition  brings  forward  the  use  of  some  coating  or 
covering  which  is  practically  water  and  air  tight.  A  thin  coat- 

*Manager,  Central  Research  Laboratory,  Carnegie  Steel  Company, 
Duquesne,  Pa. 
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in g,  such  as  a  paint,  is  rarely  satisfactory.  The  best  protections 
seem  to  have  been  heavy  coats  of  coal  tar  pitch,  burlap  or  bagging 
impregnated  with  hot  coal  tar,  heavy  coats  of  hot  asphaltum. 
covering  or  embedding  in  cement  mortar  or  protection  by  means 
of  metallic  coatings  such  as  galvanizing. 

\\  hile  making  some  investigations  some  years  ago  to  de¬ 
termine  what  might  be  a  good  coating  to  use  on  steel  partially 
buried  in  moist  soil,  I  found  that  a  thin  wash  or  what  might  be 
called  a  Portland  cement  paint  had  very  little  durability,  but 
that  a  thick  coating  of  hot  coal  tar  pitch  applied  while  the  steel 
was  at  a  temperature  of  between  400  and  500  deg.  Fahr.,  gave 
a  very  durable  coating,  much  better  than  any  of  the  ordinary 
paints. 

Mr.  Fay  brings  out  the  necessity  for  careful  cleaning  before 
painting  of  exposed  structures.  Painting  may  be  done  frequently 
enough  to  give  the  appearance  of  being  properly  protected,  but 
this  is  not  enough.  I  believe  you  have  had  cases  come  under  your 
own  observations  where  paint  has  been  knocked  oft"  by  some 
means,  and  it  has  been  found  that  the  paint  covered  and  protected 
a  coating  of  oxide,  and  was  not  in  contact  with  the  steel.  I  have 
seen  pieces  of  scale  or  rust  more  than  J$-in.  thick  broken  away 
from  a  steel  structure,  in  which  two  or  more  coats  of  paint 
could  be  distinguished  on  the  outside,  but  underneath  it  was  a 
mass  of  rust  or  scale  lying  against  the  steel  which  was  badly 
pitted  and  corroded.  Usually  such  conditions  prevail  where 

cleaning  is  difficult,  or  where  the  condition  cannot  be  easily 
observed. 

The  author’s  report  on  the  result  of  attempting  preserva¬ 
tion  by  means  of  lead  sheets  is  surprising,  and  I  confess  rather 
disappointing,  as  I  thought  this  a  rather  promising  field. 

It  would  be  instructive  to  know  how  copper  steel  would 
lesist  corrosion  in  the  floors  of  highway  bridges.  Much  work 
has  been  done,  which  shows  the  increased  resistance  to  corrosion 
of  steel  sheets  containing  less  than  y2  percent  of  copper.  This 
same  condition  should  prevail  on  heavier  material 

Dr.  Allerton  S.  Cushman  :*  Mr.  Fay’s  paper  very  clearly 
illustrates  the  grave  importance  of  the  corrosion  problem  to 
the  structural  engineer.  Indeed,  after  reading  the  paper,  one 

♦Director,  The  Institute  of  Industrial  Research,  Washington.  D  C 
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is  left  to  wonder  why  more  serious  accidents,  due  to  the  weaken¬ 
ing  of  engineering  structures,  have  not  been  recorded  in  the  past. 
Mr.  Fay’s  valuable  contribution  is  in  effect  a  lesson  and  a  warning 
to  engineers  to  pay  more  attention  to  the  original  design  to  the 
possibilities  of  maintenance  of  engineering  structures.  After 
reading  the  paper,  the  following  questions  occur  to  me : 

First :  Would  it  not  be  possible  in  designing  a  bridge  to 
provide,  as  part  of  the  construction,  for  walk-ways  underneath 
the  floor,  so  arranged  as  to  permit  efficient  inspection  at  proper 
intervals  ?  Such  walk-ways  to  be  also  used  as  far  as  possible 
by  the  painters  for  maintaining  in  good  condition  the  more 
vulnerable  structural  points. 

Second :  Would  not  the  added  cost  of  such  design  pay  in 
the  long  run  and  do  away  with  the  expensive  and  clumsy  ex¬ 
pedient  of  using  excess  metal  at  points  most  likely  to  rust,  as  in 
the  cases  cited  by  Mr.  Fay? 

Third :  In  the  cases  of  railroad  bridges  where  lack  of  suf¬ 
ficient  head  room  does  not  permit  of  central  walk- ways,  could  not 
side-ways  be  provided,  so  arranged  that  temporary  access  to  the 
central  spans  could  be  had  ? 

Surely,  if  the  points  most  likely  to  rust  were  regularly  re¬ 
painted  with  a  good  rust  inhibitive  paint,  the  examples  of  ex¬ 
treme  and  dangerous  corrosion  recorded  by  Mr.  Fay  could  be 
largely  avoided.  The  fact  that  proper  maintenance  is  as  im¬ 
portant  as  proper  construction  ought  to  be  more  generally  recog¬ 
nized.  The  pathetic  picture  that  Mr.  Fay  draws  for  us  of 
Professor  Spofford’s  efforts  to  make  inspections  of  certain  rail¬ 
road  bridges  serves  to  emphasize  my  thought.  As  Mr.  Fay 
points  out,  the  less  important  metal  which  is  seen  by  the  public 
is  kept  well  painted,  while  the  metal  underneath  the  floor, 
upon  which  the  most  severe  attack  by  corrosive  influences  is 
made,  is  usually  neglected. 

Except  in  those  cases  in  which  concrete  casing  is  employed, 
there  is  no  doubt  that  the  best  protection  for  structural  steel  is 
good  paint,  maintained  by  renewal  whenever  inspection  shows 
it  to  be  necessary. 
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Mr.  Fay’s  reference  to  the  excessive  rusting  of  over-strained 
metal,  and  also  to  the  unequal  rusting  of  structures  in  which 
different  kinds  of  metal,  such  as  wrought  iron  and  steel,  are 
joined  up,  raise  interesting  points  which  have  an  important 
hearing  on  corrosion  problems.  The  writer  has  discussed  these 
points  before.  In  his  book  published  in  1010,  in  co-authorship 
with  Mr.  H.  A.  Gardner,  the  following  paragraph  appeared: 

"Mr.  J.  P.  Snow,  Chief  Engineer  of  the  Boston  and  Maine  Railroad, 
has  called  attention  to  a  very  significant  case  of  corrosion  in  connection 
with  the  destruction  of  some  railroad  signal  bridges  erected  in  1894,  and 
removed  and  scrapped  in  1902.  These  structures  were  built  at  the  time 
that  steel  was  fast  displacing  puddled  iron  and  bridge  material.  The 
result  was  that  the  bridges  were  built  from  stock  material  which  was  partly 
steel  and  partly  wrought  iron.  The  particular  point  of  interest  in  this  case 
lies  in  the  fact  that  while  some  of  the  members  of  the  bridge  structures 
rusted  to  the  point  of  destruction  in  eight  years,  others  were  in  practicallv 
as  good  condition  as  on  the  day  they  were  erected.”* 

These  experiences  tend  to  show  that  engineers  would' 
do  well  to  give  some  consideration  to  avoiding,  insofar  as  is 
practicable,  the  assembling  of  hard  and  soft  types  of  steel  and 
iron  in  the  same  structure.  Take  the  case  as  illustrated  bv  the 
i  steel  light-ship,  U.  S.  Light  Vessel  No.  71,  built  in  1897,  which 
I  was  anchored  at  Diamond  Shoal,  off  Cape  Hatteras,  for  eleven 
j  years,  and  was  towed  in  at  the  expiration  of  that  time  so  that 
‘  8400  four-inch  soft  iron  bolts  which  were  destroyed  by  cor¬ 
rosion  could  be  replaced.  All  this  would  seem  to  indicate  that 
at  points  where  strength  and  durability  are  of  high  importance, 

I  structural  members,  bolts  and  rivets,  should  be  as  nearly  as  pos¬ 
sible  of  the  same  type  of  metal,  so  as  to  avoid  danger  of  forming 
electrolytic  couples.  Bridge  engineers  have  been  recently  dis- 
1|  cussing  the  suitability  of  nickel  and  other  high  alloy  steels  for 
high  strength  units  in  bridge  construction.  They  will  do  well, 
however,  not  to  entirely  overlook  this  phase  of  their  problem. 

I  Mr.  Fay’s  paper  is  a  valuable  contribution  and  contains 
I  much  food  for  thought,  both  for  construction  engineers  and 
students  of  corrosion  problems.  In  the  writer’s  opinion,  the  best 
means  of  protection,  outside  of  those  particularly  emphasized 
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by  Mr.  Fay,  lies  in  providing  proper  facilities  for  frequent  in¬ 
spection  and  a  liberal  maintenance  with  well  selected  paint  applied 
particularly  at  the  points  where  it  is  most  needed. 


DISCUSSION 

Mr.  John  Miller:*  My  chief,  Mr.  J.  C.  Bland,  engineer 
of  bridges,  Pennsylvania  Lines  West  of  Pittsburgh,  had  hoped 
to  be  present  this  evening  to  take  part  in  this  discussion,  but 
being  unable  to  do  so  he  has  deputed  me  to  present  his  views  on 
some  of  the  matters  treated  of  in  Mr.  Fay’s  very  interesting 
paper. 

Of  the  four  cases  enumerated  by  the  author  as  those  to 
which  corrosion  is  principally  due,  we  have  experience  with 
only  two : 

Exposure  to  locomotive  gases ; 

Exposure  to  surface  water  leaking  through  bridge  floors. 

With  regard  to  the  other  two  causes,  exposure  to  sea  water 
and  stress  beyond  the  elastic  limit  of  metal :  There  is  no  point  in 
the  territory  served  by  the  Pennsylvania  Lines  West  where  the 
first  occurs,  and  as  in  none  of  our  bridges  are  the  calculable 
stresses  permitted  to  exceed  60  to  67  percent  of  the  elastic  limit, 
we  cannot  say  from  experience  whether  stress  beyond  the  elastic 
limit  has  any  tendency  to  hasten  corrosion. 

Mr.  Fay  has  noted  as  agents  which  accelerate  rusting,  sul¬ 
phur  dioxide  and  soot.  Most  of  his  remarks  apply,  of  course, 
to  bridges  over  railroads,  but  in  our  experience  with  under¬ 
track  bridges,  a  most  powerful  corrosive  agent  is  found  in  the 
brine  drippings  from  refrigerator  cars,  and  in  situations  where 
other  roads  pass  under  our  bridges,  the  combination  of  the 
effects  of  brine  drippings  and  locomotive  gases  make  for  very 
rapid  corrosion  indeed. 

In  one  of  our  bridges,  a  half  through  plate  girder  span  with 
open  floor,  these  two  conditions  occurred,  along  with  a  third, 
namely,  scant  clearance  over  the  tracks  of  another  road,  which 
exposed  our  structures  to  the  direct  physical  action  of  the  ex¬ 
haust,  and  here  the  deterioration  of  the  floor  system  was  so 
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rapid  that  the  bridge  had  to  be  renewed  within  14  years  from 
the  time  it  was  installed. 

As  a  protection  against  the  effects  of  the  brine  dripping, 
paint  is  of  little  or  no  value.  A  covering  of  burlap  and  asphaltic 
pitch  has  been  tried  with  fair  results,  but  the  best  protection 
would  probably  be  concrete  keyed  on  with  say  Clinton  welded 
wire  and  applied  with  the  cement  gun. 

The .  difficulty  spoken  of  by  Mr.  Fay  in  protecting  metal 
of  over  track  bridges  when  the  headroom  is  limited  has  been 
experienced  by  this  company  in  several  places. 

On  one  of  our  bridges,  a  double  track  double  deck  structure, 
the  floor  system  of  the  upper  or  passenger  deck,  originally  pro¬ 
tected  by  paint,  was  being  rapidly  corroded  by  the  diffused  gases 
from  the  freight  engines  in  the  lower  deck. 

Here  the  exposed  metal  was  thoroughly  cleaned  by  chip¬ 
ping  and  sand  blast,  and  the  fresh  surface  coated  with  a  paste 
made  of  red  lead  and  cement  and  smeared  on  with  a  putty  knife. 
The  process  was  slow  and  expensive,  but  affords  good  protection. 

This  process  has  also  been  used  with  good  results  on  the 
P.  C.  C.  &  St.  L.  Rv.  at  High  Street  Viaduct,  Columbus,  O. 
The  paste  in  this  case  consisted  of  red  lead,  portland  cement, 
linseed  oil  and  a  drier.  I  he  steel  was  simply  cleaned,  not  sand 
blasted,  before  application,  and  though  here  the  clearance  is 
very  small,  the  protection  is  in  good  condition  after  thirteen 
years’  service. 

Concrete  protection  has  also  been  extensively  used  on  this 
Company’s  bridges,  a  binder  of  woven  wire  being  used.  Where 
this  binder  is  of  sufficient  weight  and  placed  sufficiently  far 

I  away  from  the  steel  to  permit  a  good  “key”  to  be  formed  be¬ 
tween  them,  the  concrete  has  stood  up  very  well.  But  in  cases 
where  the  wire  or  expanded  metal  has  not  had  sufficient  body 
or  has  been  placed  too  close  to  the  steel,  the  concrete  has  fallen 
away,  the  light  binder  rusting  away  when  cracks  formed  in  the 
concrete,  exactly  as  described  by  Mr.  Fay. 

Concrete,  however,  though  it  affords  good  protection  against 
the  diffused  gases  from  locomotives,  will  not  resist  the  direct 
r  action  of  the  exhaust  at  short  range,  but  is  abraded  and  disin- 
|  tegrated  by  the  blast  action.  1  he  only  effective  protection  against 
this,  we  find,  is  to  use  “blast  guards.” 
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For  these  blast  guards,  tongued  and  grooved  boards  are  used 
in  some  cases  on  long  bridges.  They  are  cheap  and  effective 
and  easily  replaced,  but  where  the  action  is  especially  severe, 
cast  iron  guards  are  used.  For  ease  in  renewal  the  cast  iron 
guards  are  made  in  three  sections,  each  about  5  feet  long,  with 
lap  joints  and  fastened  to  the  floor  system  by  countersunk  bolts. 
This  guard  is  4  ft.  4 ]/2  in.  wide. 

This  company  has  had  no  experience  with  sheet  lead  or 
asphalt  as  a  protection  against  blast  action,  and  it  is  not  Mr. 
Bland’s  practice  to  use  excess  metal  to  provide  for  loss  by  corro¬ 
sion.  However,  in  many  of  our  small  overhead  foot  bridges  and 
signal  bridges  the  bottom  chords  have  excess  metal  owing  to  the 
fact  that  our  specifications  call  for  a  minimum  thickness  of  metal 
of  in.  It  is  found  that  even  with  this  excess,  corrosion  will 
reduce  the  exposed  parts  below  the  section  required  for  safety. 

In  situations  like  these  the  proper  thing  to  do  is  to  encase 
the  exposed  parts  in  concrete  and  provide  blast  guards  directly 
over  the  exhaust. 

The  problem  of  waterproofing  is  a  perennial  one,  and  though 
this  Company  has  experimented  with  many  compounds  and 
obtained  good  results  with  several  of  them,  it  can  hardly  be 
said  that  a  consistently  satisfactory  waterproofing  has  yet  been 
found.  The  type  of  structures  water-proofed  are  usually  trough 
floor  bridges,  consisting  either  of  troughs  running  longitudinally 
from  abutment  to  abutment,  or  half  through  plate  girders  con¬ 
nected  by  transverse  troughing  riveted  to  the  girders. 

In  either  case,  the  troughs  are  filled  with  concrete  which  is 
carried  up  the  webs  of  the  main  girders  in  the  case  of  half 
through  bridges.  The  waterproofing  used,  which  is  very  similar 
to  that  described  by  Mr.  Fay,  consists  of  five  ply  of  tarred  felt 
mopped  with  coal  tar  pitch.  This  is  then  protected  by  2  inches 
of  concrete  from  injury  by  ballast.  An  interesting  experiment  in 
waterproofing  was  made  about  two  years  ago  by  the  late  Thomas 
H.  Johnson  on  Chartiers  Ave.  bridge,  McKees  Rocks,  a  half 
through  plate  girder  bridge  with  transverse  trough  floor  belong¬ 
ing  to  the  P.  C.  &  Y.  R.  R.  Here  the  troughing  and  girders 
above  ballast  level  were  well  coated  with  a  bitumastic  preparation, 
and  the  stone  ballast  placed  directly  in  troughs,  no  concrete  at 
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all  being  used.  1  he  result  after  two  years’  service  is  a  perfectly 
watertight  structure. 

Dr.  A.  H.  Sabin  :*  I  think  I  can  mention  one  reason  for 
waterproofing  floors  which  has  not  been  thought  of  by  anyone 
here,  perhaps.  Some  years  ago,  when  the  Williamsburg  Bridge 
was  built  in  New  \ork,  there  was  no  attempt  made  to  waterproof 
the  floor,  but  it  was  paved  with  wood  blocks  and  those  wood 
blocks  were  saturated  with  a  coal  tar  mixture  containing  a 
large  amount  of  coal  tar  creosote,  naphthaline,  etc.  The  ma¬ 
terial  leached  out  of  the  blocks  to  a  considerable  extent  and  ran 
down  through  and  took  off  the  paint  from  the  iron  work  under¬ 
neath.  It  was  a  very  efficient  paint  remover.  The  floor  should 
have  been  made  tight  enough  to  prevent  that. 

I  agree  fully  that  the  best  protection  is  a  cement  protection  ; 
nevertheless,  we  all  know  that  a  majority  of  bridges  in  this 
country  are  as  yet  protected  with  paint.  And  I  presume  it  was 
the  fact  that  I  have  been  identified  with  the  paint  business  for 
the  past  thirty  years  that  led  to  some  of  my  friends  asking  me 
to  come  here  and  take  part  in  this  discussion.  I  propose  to 
speak  briefly  on  four  topics: 

IV hat  makes  a  good  paint? 

What  protects  iron? 

What  protects  the  engineer? 

What  suits  the  owner? 

What  Makes  a  Good  Paint?  The  pigment  should  be  fine,  in 
the  first  place,  because  a  coarse  one  settles  badly,  is  difficult  to 
brush  out,  coarse  particles  start  <4runs’  in  the  painted  surface, 
and  fine  particles  give  greater  contact  surface  for  a  given  amount 
of  solid  pigment  matter  with  the  oil.  This  would  be  of  little  ad¬ 
vantage  unless  there  were  an  affinity  between  the  pigment  ma¬ 
terial  and  the  oil ;  this  latter  is  of  the  utmost  importance,  and 
pigments  differ  greatly  in  this  attraction  for  oil.  When  we  con¬ 
sider  that  in  white  zinc,  or  white  or  red  lead  of  the  best  quality 
the  particles  are  so  small  that  twenty  or  more  overlie  one  an¬ 
other  irregularly  in  an  ordinary  paint  film,  it  is  clear  that  their 
strong  attraction  foi  the  oil  tends  to  hold  the  film  together  and 
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to  make  it  tough,  so  that  it  will  not  open  out  into  pores.  \\  hen 
such  a  paint  is  brushed  out  thin  it  does  not  break,  but  makes  a 
continuous  film,  and  this  is  one  cause  of  what  the  painters  call 
good  working  quality.  On  the  other  hand,  if  this  attraction  does 
not  exist,  the  paint,  if  the  pigment  is  fine,  or  even  if  it  is  coarse 
but  slippery  like  some  graphite,  may  brush  out  thin  because  oil 
naturally  does  that,  but  may  be  full  of  breaks  and  imperfections, 
invisible  to  the  eye,  but  giving  poor  protection  to  the  under¬ 
lying  surface.  A  good  paint  should  not  settle  quickly,  so  as  to 
leave  most  of  the  oil  in  the  top  of  the  container.  This  is 
chiefly  a  matter  of  fineness,  not  of  specific  gravity,  for  white 
and  red  led  and  white  zinc,  which  are  our  heaviest  but  finest 
pigments,  do  not  settle,  while  some  graphite  paints  are  among 
the  worst  in  this  respect,  because  this  is  a  slippery  material  (it 
is  in  fact  used' as  a  lubricant),  and  on  that  account  is  difficult  to 
grind  sufficiently ;  yet  graphite  is  about  the  lightest  pigment  in  use. 

Another  desirable  quality  in  a  paint  is  a  high  percentage  of 
pigment,  provided  the  latter  be  fine.  It  is  obvious,  upon  con¬ 
sideration,  that  a  coarse  pigment  will  take  but  little  oil  because 
there  is  but  little  surface  to  be  “wetted”  by  the  oil,  while  a  fine 
one  absorbs  a  larger  amount  of  oil  to  bring  it  to  a  paste,  after 
which  it  more  uniformly  thins  to  paint  consistency.  In  the  case 
of  the  coarse  pigment  the  proportion  of  solids  will  be  larger 
than  it  is  with  the  fine  one ;  nevertheless  some  coarse  paints 
are  made  up  with  an  excess  of  oil  to  hide  the  inferior  quality 
of  the  pigment,  and  if  the  latter  is  very  opaque  this  character 
does  not  show  except  to  an  expert,  until  it  is  too  late  to  remedy 
it.  The  desirable  thing  is  to  have  the  pigment  fine,  yet  of  such 
a  nature  that  it  will  constitute  a  large  proportion  of  the  paint ; 
because  a  good  pigment  gives  durability  and  water-resisting 
power,  and  should  not  detract  from  the  natural  elasticity  of  the 
oil,  while  its  presence  hardens  the  film.  Provided  this  desirable 
affinity  exists  between  the  solid  and  the  liquid,  the  greater  the 
number  of  particles  in  a  given  volume  of  paint  the  better,  be¬ 
cause  they  act  as  centers  of  attraction,  and  if  close  together 
the  film  of  oil  which  separates  them  is  so  strongly  held  that  it 
will  not  break ;  although  a  limit  is  imposed  by  the  need  of  proper 
fluidity  for  brushing.  In  this  respect  no  other  pigment  equals 
white  and  red  lead ;  of  the  latter  twenty  pounds  or  more  may 
be  present  in  a  gallon  of  paint. 
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Too  rapid  drying  has  always  been  recognized  as  a  sign 
of  danger,  since  drying  is  a  chemical  change,  not  a  matter  of 
evaporation,  and  if  a  paint  dries  too  quickly  it  means  that  its 
ingredients  are  in  an  unstable  condition.  On  the  other  hand, 
pure  raw  linseed  oil  paints  do  not  dry  rapidly  enough  for  prac¬ 
tical  use,  unless  some  dryer  be  added;  this  dryer  is  a  substance 
which  is  added  to  oil  to  hasten  the  oxidation;  but  as  little  of  it 
should  be  used  as  is  practicable.  What  the  drier  acts  on  is  the 
oil ;  but  some  pigments,  such  as  graphite  and  the  carbon  pig¬ 
ments  generally,  greatly  retard  the  natural  drying  of  oil,  and 
hence  require  excessive  additions  of  drier;  while  the  lead  pig¬ 
ments  in  some  way  slightly  promote  drying,  and  paints  made 
from  these  require  less  drier  than  any  others.  This  is  a  most 
desirable  quality. 

IV hat  Protects  Iron?  Impermeability  is  the  first  quality 
sought  in  a  protective  coating.  Even  if  a  paint  could  be  made 
which  would  last  forever  it  would  be  a  worthless  protection 
if  it  has  an  open  and  porous  structure.  To  have  this  desirable 
quality  it  is  necessary  that  the  liquid  part  of  the  paint  should 
be  water-resistant,  and  on  drying  should  remain  as  a  cementing 
and  film-making  substance.  Linseed  oil  is  such  a  material,  and 
we  have  no  good  reason  to  believe  that  it  is  improved  for  this 
purpose  by  the  mixture  of  any  other  oil.  At  any  rate  it  is  the 
liquid  almost  universally  used ;  but  the  pigments  used  with  it  are 
of  great  diversity.  The  most  impermeable  paint  contains  a  pig¬ 
ment  which  has  no  attraction  for  water,  but  a  great  deal  of 
attraction  for  oil,  and  in  this  respect  the  lead  pigments  are  un¬ 
equaled.  Some  substances  appear  repellent  to  water  and  oil 
both;  but  they  do  not  make  good  films.  Toughness  is  desirable; 
brittle  films  crack  and  scale  off.  Cracks  are  of  two  kinds;  those 
which  penetrate  through  the  iron,  and  are  caused  by  lack  of 
strength  and  toughness  in  the  film ;  and  those  which  appear  only 
in  the  outer  surface,  and  are  due  to  too  soft  and  elastic  an  under¬ 
coat.  To  prevent  the  latter,  the  priming  coat  must  be  hard  and 
firm,  it  must  contain  plenty  of  pigment.  At  the  same  time  a 
considerable  degree  of  hardness,  so  that  it  does  not  involve  loss 
of  toughness,  is  important  in  the  subsequent  coats,  enabling  the 
paint  to  resist  the  wearing  action  of  dust,  rain  and  ice. 
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It  is  also  notable  that  all  the  ordinary  lead  compounds  are 
insoluble ;  hence  the  action  of  any  acid  in  the  air  will  be  slight, 
because  even  if  the  surface  of  the  paint  be  attacked,  the  action 
cannot  go  on,  because  the  lead  salts  formed  will  not  wash  out, 
but  remain  to  protect  the  layers  beneath.  Compounds  of  iron, 
zinc,  lime,  etc.,  are  not  of  this  character,  but  as  fast  as  formed, 
wash  out  in  the  rain. 

As  electricity  is  a  common  cause  of  corrosion,  it  is  desirable 
that  a  paint  for  iron  should  be  a  non-conductor ;  with  the  excep¬ 
tion  of  graphite,  most  pigments  are  non-conductors.  The  con¬ 
ducting  power  of  graphite  is  so  perfect  that  in  electroplating 
plaster  casts  and  the  like,  they  are  covered  with  a  graphite  film 
not  more  than  one-ten  thousandth  of  an  inch  in  thickness,  which 
conducts  the  feeblest  current  of  electricity  as  though  it  were  a 
metal  surface.  On  the  other  hand,  a  film  of  red  lead  paint  has 
been  found  by  electrical  experts  to  be  equal  in  insulating  power 
to  india  rubber.  Linseed  oil,  which  is  used  in  all  paints,  is  an 
excellent  insulator. 

It  may  also  be  fairly  said  that  ease  of  application  is  an  in¬ 
gredient  in  protective  power ;  because,  practically,  no  paint  is 
useful  unless  it  is  properly  applied,  and  if  it  is  put  on  easily  it 
will,  on  the  average,  be  better  than  if  it  is  the  opposite. 

What  Protects  the  Engineer?  The  first  thing  for  the  engi¬ 
neer  to  desire  is  material  that  is  always  up  to  a  definite  and 
recognizable  standard.  If,  for  example,  he  specifies  red  lead 
paint,  he  may,  and  often  does,  get  a  paint  containing  less  than 
half  as  much  red  lead  as  he  desires  and  should  have,  being  made 
with  a  low  grade  of  red  lead  to  begin  with,  and  then  adulterated 
with  oxide  of  iron,  silicates  and  many  other  things.  If,  again, 
he  specifies  a  pure  red  lead  paint,  he  may  get  a  paint  made  of 
red  lead  (commercially  pure)  containing  as  high  as  40  percent 
of  litharge,  coarse,  unground,  mixed  with  oil  by  a  day  laborer 
with  a  stick,  and  perhaps  containing  not  more  than  six  or  eight 
pounds  of  pigment  in  a  gallon,  when  it  should  have  been  three 
times  that  amount.  Again,  if  he  specifies  graphite  paint  he  gets 
some  sort  of  a  black  paint  of  variable  and  uncertain  composition 
because  paint  grades  of  graphite  are  always  impure  and  difficult 
to  analyze,  and  as  graphite  is  a  light  substance  and  extremely 
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opaque  it  may  be  and  often  is  mixed  with  large  and  indefinite 
proportions  of  still  cheaper  and  inferior  material  to  make  a  low 
price  per  gallon.  But  if  he  specifies  pure  red  lead  containing, 
let  us  say,  not  less  than  94  or  98  percent  of  true  red  lead,  and 
that  99  percent  of  this  shall  be  fine  enough  to  pass  through  a 
piece  of  No.  21  bolting  cloth,  and  that  it  shall  be  ground  through 
a  mill  with  pure  linseed  oil,  and  that  the  paint  made  from  this 
shall  contain  not  less  than  20  lbs.  pure  red  lead  in  a  gallon,  then 
he  is  specifying  standard  goods,  which  can  be  easily  tested,  and 
concerning  which  no  reasonable  dispute  can  arise.  Everything 
here  is  definite;  the  contractor  knows  what  he  has  to  provide, 
and  the  customer  gets  that  for  which  he  pays.  And  if  such  a 
paint  is  properly  used,  the  engineer  knows  what  he  may  expect 
from  it,  in  the  same  sense  if  not  to  so  great  a  degree  of  accuracy 
as  he  knows  what  to  expect  from  a  specified  rivet.  If  he  does  not 
know  it  to  as  high  a  point  of  accuracy,  it  is  only  because  the  ele¬ 
ment  of  human  skill  in  its  application  is  of  greater  weight. 

Another  matter  in  which  the  engineer  may  protect  himself 
is  by  buying  from  a  reliable  manufacturer.  The  best  people 
sometimes  make  mistakes,  but  the  other  people  often  do.  It  is 
always  best  to  tie  up  to  good  manufacturers ;  it  gives  a  feeling 
of  safety  and  rest.  Then  it  is  desirable  to  have  a  paint  which  is 
simple,  generally  known  and  easily  understood,  not  likely  to  be 
a  subject  of  dispute  with  the  contractor  or  the  sub-contractor; 
paint  is  often  applied  by  a  sub-contractor.  It  is  better  if  it  is 
such  that  it  can  be  easily  tested  ;  for  example,  red  lead  paint  made 
under  the  New  York  Central  formula  weighs  24  pounds  per 
gallon  ;  if  it  is  adulterated  with  any  other  pigment  it  will  weigh 
less,  and  this  can  be  tested  by  the  inspector  and  the  foreman 
painter  on  the  ground.  This  is  much  better  than  continually 
sending  samples  of  an  unrecognizable,  muddy  liquid  to  the 
engineer  s  chemist.  Then  it  is  desirable  for  the  peace  of  mind 
of  the  engineer  to  be  on  good  terms  with  the  painters  and  have 
their  willing  co-operation,  which  will  happen  if  the  paint  is  one 
which  is  uniform  and  easily  applied,  and  which  looks  like  a 
good  job  when  it  is  done ;  and  which  does  not  require  excessive 
skill  in  application,  for  some  men  in  every  paint  gang  are  less 
skillful  than  others. 
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What  Suits  the  Ozvnerf  The  owner  of  the  structure  to  be 
erected  or  maintained  may  properly  desire  a  reasonably  low 
first  cost ;  the  question  is,  what  is  reasonable.  The  least  expen¬ 
sive  thing  to  do  would  be  not  to  paint  at  all ;  but  all  experience 
agrees  this  is  not  economy.  The  object  sought  is  preservation 
of  the  metal  and  reduction  of  periodical  maintenance  charges ; 
this  requires  efficiency,  both  in  the  material  and  application  of 
the  paint.  The  cost  is  the  cost  of  material  and  labor  per  square 
foot  of  surface  painted ;  not  merely  the  cost  per  pound  or  per 
gallon  of  paint,  nor  the  cost  per  day  of  labor.  If  a  man  can 
apply  paint  by  spraying  to  ten  times  as  much  surface  per  day 
as  by  brushing,  that  may  appear  to  be  economy.  But  if  he 
wastes  enough  paint  to  pay  for  the  service  of  ten  men  there  is 
none;  or  if  the  job  when  done  is  not  well  done,  then  there  is 
a  total  loss  of  material  and  labor.  Reasonable  first  cost  means 
the  use  of  what  has  been  defined  as  a  good  paint,  applied  in  a 
workmanlike  manner,  and  the  latter  item  varies  considerably 
in  cost  with  the  kind  of  paint.  If  a  man  can  paint  1000  sq.  ft. 
with  one  paint  per  day,  and  with  another  equally  efficient  paint 
only  750  sq.  ft.,  the  first  is  evidently  cheaper  to  use.  Again, 
in  the  case  of  a  low  grade  red  lead  a  hundred  pounds  will  cover 
on  a  certain  class  of  work  about  2500  sq.  ft.  and  the  best  grade 
will  cover  3200  sq.  ft.  with  an  equally  good  film,  so  a  higher 
price  may  be  economically  paid  for  the  latter;  especially  if,  as 
is  the  fact,  it  can  be  more  cheaply  applied,  and  still  further  if  it 
makes  a  better  job  of  work  when  done.  Those  are  factors  in  rea¬ 
sonable  first  cost.  The  owner  may  properly  demand  a  good  looking 
paint,  and  one  of  general  good  reputation ;  he  may  prefer  one  of 
non-secret  composition,  in  which  there  is  an  obvious  connection 
between  the  price  and  the  cost  of  the  raw  material  from  which 
it  is  made ;  and  one  suitably  and  easily  modified  by  the  painter 
for  all  ordinary  uses. 

The  owner  should  above  all  things  demand  a  paint  which 
will  be  lasting  and  which  will  give  not  only  protection  against 
rust,  but  will  not  need  early  repainting;  for  this  is  more  ex¬ 
pensive  than  the  first  job.  When  new  work  is  painted  the  metal 
is  commonly  in  fairly  good  condition,  or  may  easily  be  made  so, 
and  the  scaffolding,  if  needed,  is  in  place;  but  for  repainting 
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much  expense  must  be  caused  by  cleaning  and  preparing  for 
the  work.  There  is  also  the  real  and  practical  danger  that  serious 
injury  may  be  caused  by  negligence;  it  is  not  enough  to  say 
this  is  avoidable,  it  must  in  fact  be  reckoned  with;  so  are  tires 
avoidable,  vet  insurance  is  necessary.  Counting  all  these  things, 
a  paint  which  will  be  effective  a  half  longer  than  another  is  to 
be  chosen  at  twice  the  first  price,  or  even  more. 

\\  hat  paint  will  most  nearly  meet  all  these  requirements?  It 
would  be  absurd  to  expect  all  men  to  agree,  and  in  fact  there  is 
no  one  mixture  which  is  best  for  all  purposes.  The  decision 
must  generally  be  left  to  the  engineer,  who  may  in  some  cases 
have  expert  advice  to  help  him.  The  practice  of  the  house 
painter  may  be  mentioned  to  throw  some  light  on  the  question ; 
he  uses  in  most  cases  only  one  or  two  chief  pigments,  one  oil, 
one  volatile  thinner,  and  a  drier.  These  he  mixes  in  different 
proportions,  to  get  hard  or  more  elastic  coats,  as  experience  has 
shown  desirable.  The  point  is  that  he  restricts  himself  to  such 
materials  as  he  knows  all  about,  so  that  when  he  wants  a  certain 
result  he  knows  how  to  get  it.  This  can  be  equallv  well  done  in 
painting  structural  metal. 

Mr.  F.  X.  Speller:*  The  destructive  effect  of  locomotive 
gases  on  ordinary  iron  or  steel  is  simply  a  more  active  form  of 
atmospheric  corrosion,  such  as  is  experienced  in  industrial  cen¬ 
ters  where  much  soft  coal  is  burned. 

Mr.  Fay  has  given  some  interesting  and  useful  experience 
on  protective  coatings,  but  has  not  said  much  as  to  the  possi¬ 
bility  of  adapting  the  metal  to  stand  under  such  conditions.  We 
have  in  this  district  some  corrugated  steel  sheets,  1-16  in.  thick, 
containing  0.25  percent  copper,  which  have  been  exposed  unpro¬ 
tected  in  smoky  atmosphere  for  three  years  without  showing 
more  than  a  surface  rusting.  It  is  possible  to  walk  on  these 
roofing  sheets  now  with  safety  and  there  does  not  appear  to  be 
any  noticeable  weakening  of  the  metal,  whereas  ordinary  wrought 
iron  and  steel  sheets  exposed  alongside  these  copper  bearing 
sheets  ha\  e  pitted  through  and  would  not  bear  one’s  weight 
some  time  ago.  There  appears  to  be  such  a  thing  as  a  natural 
protective  coating  and  copper  bearing  steel  appears  to  have  this 

♦Metallurgical  Engineer.  National  Tube  Co..  Pittsburgh. 
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property  more  than  purer  irons,  or  other  steels,  under  atmos¬ 
pheric  conditions.  It  should  be  pointed  out  that  these  copper 
bearing  steels  do  not  show  this  property  when  used  under 
water  or  in  a  pipe  line ;  at  least  their  advantage  under  such 
conditions  is  not  nearly  so  apparent. 

It  appears  that  the  condition  of  the  surface  of  the  steel 
before  application  of  any  protective  coating  is  just  as  important 
as  the  character  of  the  coating;  in  fact,  this  may  prove  to  be 
of  more  importance.  All  scale  and  foreign  matter  should  be 
removed  to  get  the  best  results,  and  the  coating  applied  to  a 
warm  dry  surface.  I  have  frequently  pointed  out,  as  a  result  of 
several  years’  study  of  the  corrosion  of  iron  in  service,  that  the 
condition  of  the  surface  of  the  metal  when  first  exposed  has 
much  more  to  do  with  the  ultimate  life  of  the  metal  than  the 
chemical  composition,  or  such  variations  in  composition  as  are 
met  with  in  good  metallurgical  practice.  This  fact  is  continually 
being  confirmed  by  further  observations. 

Several  years  ago,  while  inspecting  the  effects  of  weather 
on  various  metal  structures  in  the  Canal  Zone,  I  was  particularly 
impressed  with  the  satisfactory  condition  of  the  protective  coat¬ 
ings  applied  by  the  French.  Much  of  the  structural  work  was 
in  splendid  shape,  with  practically  no  evidence  of  rusting.  Most 
of  the  paint  films  analyzed  by  us  carried  from  12  to  28  percent 
of  zinc  oxide  mixed  with  white  lead. 

Mr.  Fay’s  remarks  on  the  difficulty  of  protecting  metal  be¬ 
tween  low  and  high  tide  recalls  an  experience  with  the  8-inch 
oil  line  laid  across  the  Isthmus  of  Panama  in  1906  by  the  Union 
Oil  Company.  A  portion  of  the  line  on  the  Pacific  Coast  was 
alternately  immersed  by  the  tides  so  that  no  protective  paint  could 
be  applied  successfully.  Finally  crude  California  oil  was  applied 
to  the  pipe  between  tides.  This  proved  to  be  satisfactory,  but 
had  to  be  renewed  every  nine  months  or  so.  The  same  treatment 
has  been  found  effective  on  pipe  in  damp  coal  mines.  Under 
such  conditions,  where  it  is  possible  to  recoat  the  metal  at  fre¬ 
quent  intervals,  this  treatment  may  afford  the  most  economical 
protection. 
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Mr.  M.  E.  McDonnell  Mil  Young,  our  Engineer  of 
1  ests,  was  invited  to  he  present  and  discuss  this  paper  before 
you  tonight.  Unfortunately,  he  was  not  able  to  attend,  and  at 
the  last  moment  I  was  asked  to  come  over  and  discuss  it,  or  at 
least  express  his  appreciation  of  being  invited  to  discuss  the 
paper.  I  want  to  say  that  I  have  appreciated  very  much  the 
able  paper  presented  by  Mr.  Fay.  It  has  been  discussed  in  most 
of  the  phases  of  which  I  can  think.  Mr.  Miller  has  told  you 
the  Pennsylvania  practice,  and  Dr.  Sabin  has  gone  into  the  ques¬ 
tion  of  painting  pretty  thoroughly.  The  question  of  the  in¬ 
fluence  of  copper  has  been  called  to  your  attention  and  I  believe 
I  have  nothing  more  to  offer  except  to  thank  you  and  to  suggest 
one  question  which  perhaps  Mr.  Fay  can  answer.  That  is  with 
relation  to  the  relative  corrosion  of  steel  and  wrought  iron.  He  re¬ 
ferred  to  the  difference  between  wrought  iron  and  cast  iron, 
and  most  of  modern  structural  work  is  steel,  and  it  would  he 
interesting  to  know  whether  he  has  found  that  to  corrode  more 
rapidly  than  wrought  iron. 

Mr.  J.  G.  Chalfant:*  Mr.  Chairman  and  gentlemen,  I  do 
not  know  that  I  have  any  discussion  of  the  paper  other  than 
to  say  that  I  have  run  across  a  good  many  of  the  conditions 
that  Mr.  Fay  has  described  in  our  practice,  but  there  is  one  in¬ 
cident  that  may  be  of  interest  to  some  of  the  people  here  and 
that  was  on  the  Sixth  Street  Bridge  during  repainting  last  year. 
It  had  been  used  about  tw^o  years,  and  under  a  floor  system 
that  was  fairly  wrell  protected  we  found  the  original  shop  marks 
on  the  floor  beams  and  stringers.  It  had  been  supposed  to  have 
been  painted  by  the  bridge  company  five  or  six  times  in  the 
meantime.  The  stringers  were  not  badly  rusted,  though  they 
still  showed  the  original  shop  marks. 

I  want  to  ask  Mr.  Fay  his  reason  for  putting  a  sand  cushion 
between  the  plank  floor  and  the  wood  blocks.  Is  it  a  better  bed, 
or  easier  to  lay  the  blocks,  or  what  is  the  theory?  Our  practice 
has  been  to  put  the  wood  blocks  directly  on  the  waterproofing  on 

the  plank.  We  thought  it  was  about  as  good  a  foundation  as 
could  be  made. 

tAssistant  Chemist,  Pennsylvania  Railroad,  Altoona,  Pa. 

•County  Engineer,  Allegheny  County  Court  House,  Pittsburgh. 
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Prof.  Horace  R.  Thayer  :i  I  am  sure  there  are  many  engi¬ 
neers  here  tonight  who  are  interested  in  this  very  important 
question.  We  hear  a  great  deal  about  the  construction  of  new 
bridges,  both  railroad  and  highway,  and  we  sometimes  hear  some¬ 
thing  about  the  maintenance  of  railroad  bridges,  but  it  is  very 
seldom  that  we  hear  anything  concerning  the  care  of  highway 
bridges.  One  very  good  reason  may  be  that  they  are  very  seldom 
taken  care  of.  Of  this  I  would  ask  no  other  proof  than  the  slides 
showing  what  the  City  of  Boston  has  not  been  doing  in  regard 
to  the  care  of  its  bridges.  And  when  you  know,  as  I  do,  for  I 
lived  in  Boston  three  or  four  years,  that  Boston  has  a  good  engi¬ 
neering  department  and  takes  care  of  these  things  and  when  you 
consider  that  there  are  many  communities  entirely  without  engi¬ 
neering  service,  you  can  form  some  idea  of  what  the  conditions 
throughout  the  country  must  be. 

There  are  one  or  two  questions  I  would  like  to  ask  the 
speaker.  What  has  been  the  relative  corrosion  of  wrought  iron 
and  steel?  Why  were  the  bottom  flanges  of  the  girders  not  pro¬ 
tected?  I  understand  that  this  is  a  matter  of  some  difficulty,  but 
it  seems  to  me  it  might  be  done.  Does  the  ordinary  action  of  a 
locomotive  where  it  simply  passes  underneath  a  bridge  wear  away 
the  protecting  concrete  very  rapidly? 

Mr.  J.  S.  Martin  : j  I  notice  that  in  a  great  many  of  the 
bridges  around  here  where  they  have  wooden  floors  the  car¬ 
penters  insist  on  bringing  the  wood  right  up  against  the  steel 
every  place  they  can.  Now  that  wood  will  hold  moisture,  and 
it  simply  keeps  that  moisture  right  against  the  steel  and  very 
often  we  find  a  hole  in  the  steel  when  we  tear  a  board  away 
from  the  floor.  For  the  last  three  years,  I  have  specified  that 
the  wood  shall  be  cut  back  iy2  in.  at  least  from  the  steel  at  all 
points. 

I  can  say  that  painting  is  not  done  on  very  many  bridges 
below  the  floor  line  at  all.  One  reason  is  that  it  is  very  often  done 
by  contract  under  very  loose  specifications  if  there  are  any 
specifications  at  all.  Any  inspector  who  tries  to  make  the 
painter  do  a  good  job  is  going  to  get  a  bucket  of  paint  spilled 

{Assistant  Professor  of  Structural  Design,  Carnegie  Institute  of 
Technology,  Pittsburgh. 

{Structural  Engineer,  Pittsburgh  Railways  Company,  Pittsburgh. 
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on  him  sooner  or  later.  As  to  cleaning  the  steel,  the  painter 
contents  himself  with  giving  the  steel  a  scratch  or  two  with  a 
cold  chisel.  \ou  will  find  steel  apparently  well  painted  and 
you  can  take  the  hammer  and  knock  off  half  an  inch  of  rust.  I 
once  asked  a  person  who  had  had  considerable  experience  in 
inspecting  paint  and  he  said  the  only  way  to  get  a  good  job  was 
to  have  a  bunch  of  fellows  there  that  could  lick  the  painters 
to  stand  back  of  you  and  catch  them  up  when  you  found  they 
were  not  doing  a  good  job. 

We  have  tried  concreting  the  stringers  on  two  bridges.  The 
first  case  was  an  old  span,  which  we  were  repairing  and  rein¬ 
forcing  about  two  years  ago,  and  was  not  very  successful.  Who¬ 
ever  had  designed  the  bridge  was  not  able  to  reinforce  it  suf¬ 
ficiently  to  allow  us  to  add  very  much  to  the  dead  weight  of 
the  bridge  and  we  had  to  make  the  concrete  as  light  as  we  could. 
In  fact,  not  o\ei  one  inch  thick  with  expanded  metal  lath  as 
reinforcing  medium.  The  bridge  being  light  vibrated  a  good' 
deal,  so  I  think  the  vibration  had  a  great  deal  to  do  with 
cracking  the  concrete. 

Another  bridge  we  tried  it  on  was  the  Glenwood  span  over 
the  B.  &  O.  R.  R.  tracks,  erected  about  a  year  ago.  The  last  I 
saw  of  it,  it  seemed  to  be  giving  pretty  good  satisfaction.  We 
wrapped  all  steel  below  a  point  one  foot  above  the  floor  line 
with  triangular  mesh,  American  Steel  &  Wire  Co.’s  No.  /  A,  had 
holes  drilled  in  the  webs  of  all  the  stringers  and  all  the  beams, 
and  wired  the  mesh  firmly  in  place.  Then  the  concrete  was  run 
in.  There  was  a  little  trouble  because  the  frost  caught  a  little  of 
the  concrete  before  it  had  properly  set,  although  the  usual  pre¬ 
cautions  were  taken,  yet  the  weather  turned  colder  than  expected 
These  points  had  to  be  patched  up.  After  that  the  concrete  was 
in  good  condition,  and  I  have  heard  since  that  it  is  still  in  good 
condition,  although  I  have  not  seen  it  lately.  In  the  case  of  the 
Glenwood  span,  the  bottom  flange  was  covered  all  the  way  around, 
the  thinnest  parts  of  the  concrete  being  1  y2  in.  thick. 


Prof.  R.  H.  Thayer: 


Did  you  have  any  trouble  with  that? 


Mr.  J.  S.  Martin  :  None  except  where  the  frost  nipped  the 
concrete.  Since  making  the  above  remarks  an  investigation  has 
shown  the  need  of  blast  shields  over  the  tracks.  None  were 


PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA. 


186 


used  on  this  bridge  and  over  the  heavy  pulling  tracks  the  con¬ 
crete  is  wearing  away,  the  worst  case  apparently  being  on  the 
beam  where  the  trouble  from  frost  occurred. 

Mr.  V.  R.  Covell  :j  I  was  deeply  interested  in  the  paper 
read  tonight.  In  the  recent  paper  by  Dr.  George  F.  Swain,  on  the 
Boston  Subways,  no  mention  was  made  of  the  method  of  pro¬ 
tecting  the  steel  construction  from  corrosion.  I  would  be  inter¬ 
ested  to  know  what  methods  were  used. 

Mr.  Kenneth  H.  Talbot:*  Concrete  as  a  protective  coat¬ 
ing  for  structural  steel  has  been  used  to  good  advantage  in  the 
design  and  erection  of  the  train  sheds  at  the  Hoboken  terminal  of 
the  Delaware,  Lackawanna  &  Western  Railroad,  and  also  in  the 
Chicago  terminal  of  the  Chicago  &  Northwestern  Railroad.  This 
design,  which  was  worked  out  by  Lincoln  Bush  of  New  York  City, 
lately  Chief  Engineer  of  the  Delaware,  Lackawanna  &  Western 
Railroad,  takes  advantage  of  the  use  of  umbrella  sheds  by  the  for¬ 
mation  of  a  duct  to  allow  for  the  escape  of  smoke  and  fumes. 
Clearance  between  the  stacks  and  the  shed  is  small,  and  although 
the  direct  blast  of  the  locomotive  does  not  strike  the  sides  of  the 
duct  it  does  come  in  contact  with  the  cross  struts.  Trough  shaped 
cast  iron  shields  have  been  used  to  protect  the  concrete  at  these 
points. 

Mr.  Bush  advises  that  to  his  knowledge  locomotive  blasts 
have  had  no  effect  on  the  concrete  coating  to  date,  although  the 
Hoboken  shed  has  been  in  service  about  nine  years. 

Mr.  John  A.  Ferguson  One  matter  was  not  mentioned 
in  the  paper  which  I  think  would  be  of  interest.  I  can  best  exem¬ 
plify  it  by  an  experience  of  the  bridge  engineers  of  the  City  of 
Pittsburgh.  Mr.  Whited,  who  was  bridge  engineer  for  the  city, 
now  State  Bridge  Engineer,  and  myself  working  under  him  ran  on 
this  experience.  In  the  case  of  quite  a  number  of  through  girder 
bridges,  a  great  deal  of  the  trovthl^  in  the  residence  districts  was 
found  to  be  the  dogs.  That  is  true  now.  Everywhere  the  dogs 

tDeputy  County  Engineer,  Allegheny  County  Court  House,  Pittsburgh. 

♦Assistant  Inspecting  Engineer,  Universal  Portland  Cement  Co. 
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DISCUSSION — PROTECTION  OF  METAL  STRUCTURES 


187 


could  get  ready  access  to  the  stiffening  plates  and  to  the  stiffening 
angles  of  the  girders,  they  would  rust  completely  off.  Even  the 
rivet  heads  were  gone,  which  is  cpiite  remarkable. 

Another  case  of  corrosion  was  right  at  the  upper  surface  of 
the  asphalt  were  it  was  used  in  the  sidewalk  for  paving.  In  any 
number  of  cases  members  would  be  rusted  slightly  two  or  three 
inches  above,  but  just  about  a  half  inch  above  they  would  be  almost 
completely  eaten  through  and  where  the  asphalt  was  restrained 
by  a  little  angle,  it  seems  to  separate  from  the  iron,  leaving  a  spave, 
usually  at  the  fascia  and  the  curb  of  sidewalks  and  roadways, 
which  was  always  filled  with  rust. 

In  regard  to  the  question  of  protecting  steel  with  concrete, 
there  is  only  one  example  of  that  to  my  knowledge  in  the  city 
bridges,  and  that  is  a  small  structure  over  a  side  track  of  the  Penn¬ 
sylvania  Railroad  at  Thirty-third  Street.  That  was  put  in  with  a 
thickness  over  the  flange  angle  of  approximately  4-inches  on  the 
sides,  and  on  the  bottom  2-inches  of  concrete  has  been  worn  away 
in  something  like  six  years  of  time,  and  there  is  still  2-inches  to 
wear  away.  There  have  been  no  cracks.  The  reinforcement  was 
good  strong  wire  mesh  with  reinforcing  rods  bent  around  the 
girders. 

Mr.  Frederic  H.  Fay  :*  The  general  interest  taken  in  this 
subject,  as  shown  by  the  many  and  valuable  discussions  that  have 
been  presented,  is  appreciated  by  the  author,  and  he  is  glad  of 
the  opportunity  to  comment  upon  certain  points  brought  out  in 
discussion,  as  well  as  to  answer  the  questions  that  have  been  asked 

Destructive  Agents :  To  the  causes  of  corrosion  enumerated 
in  the  paper,  two  others  have  been  added  in  the  discussion,  namely, 
brine  drippings  from  refrigerator  cars  and  coal  tar  mixture 
leached  from  wood  block  pavement.  The  effect  of  brine  drip¬ 
pings  on  under-track  bridges  has  been  stated  by  Air.  Miller  in  his 
experience  on  the  Pennsylvania  Lines  West  of  Pittsburgh.  Par¬ 
ticularly  notable  is  the  double  effect  produced  by  the  combined 
action  of  brine  drippings  and  locomotive  gases  upon  such  bridges 
which  span  other  railroads.  This  is  a  condition  not  unusual  in 
railroad  work  and  one  which  adds  emphasis  to  the  contention  of 
the  paper  that  economy  in  first  cost  may  not  by  any  means  be  true 

♦Author’s  closure. 
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economy.  Although  in  many  cases  the  life  of  a  railroad  bridge 
is  limited,  not  by  the  decay  of  its  parts,  but  by  increase  in  the  loads 
carried ;  and  while  it  may  be  unwise  to  build  of  excessive  strength 
to  provide  for  unforeseen  future  conditions ;  it  is  still  not  economy 
for  the  bridge  designer  to  ignore  conditions  like  these  which  may 
render  a  structure  unfit  for  service  in  a  very  few  years’  time.  In 
the  opinion  of  the  author,  it  is  worth  while  to  spend  a  little 
more  at  the  outset  and  permanently  protect  at  least  those  parts  of 
a  bridge  which  are  exposed  to  such  destructive  agents  as  orine 
drippings  and  locomotive  gases,  thereby  doubling  or  trebling  the 
life  of  the  structure.  The  destructive  action  of  coal  tar  mixture 
leached  from  the  wood  block  pavement  on  Williamsburg  Bridge, 
New  York,  which  (as  described  by  Professor  Sabin)  proved  to  be 
a  most  effective  paint  remover,  is  an  argument  for  waterproofing 
bridge  floors  as  a  protection  to  the  metal  work  beneath. 

Use  of  Sand  Cushion  Beneath  Wood  Block  Pavement :  The 
question  has  been  asked  by  Mr.  Chalfant  why,  in  the  designs 
shown  in  the  slides,  a  sand  cushion  was  used  beneath  the  wood 
block  pavement  instead  of  placing  the  paving  blocks  directly  on 
the  water-proofing.  The  author  has  used  three  methods  of  lay¬ 
ing  wood  block  pavement  on  bridges  :  (a)  directly  upon  the  water¬ 
proofing,  (b)  upon  a  thin  bed  of  neat,  dry  cement,  and  (c)  upon 
a  sand  cushion.  It  is  found  that  the  wood  blocks,  as  received, 
vary  somewhat  in  depth,  and  to  secure  uniformity  of  surface,  it 
is  desirable  that  they  be  placed  upon  a  yielding  bed  into  which  they 
may  be  rammed  slightly  if  necessary,  to  produce  an  even  surface. 
Where  the  waterproofing  consists  of  a  sheet  of  asphalt,  or  of 
layers  of  felt  covered  with  a  sheet  of  mastic,  and  the  blocks  are 
laid  while  the  asphalt  or  mastic  is  still  soft,  no  sand  cushion  is 
necessary.  If,  however,  the  waterproofing  layer  itself  is  unyield¬ 
ing  (consisting,  for  example,  of  several  layers  of  felt  simply 
mopped  with  pitch  or  asphalt)  a  thin  sand  cushion  has  been  found 
advantageous,  primarily  to  afford  a  yielding  bed  for  the  blocks 
and  incidentally  to  protect  the  waterproofing  from  injury. 
Where  a  sand  cushion  is  used,  it  should  not  exceed  1-inch  in 
thickness,  and  it  may  be  less.  The  object  of  the  bed  of  dry  cement, 
above  noted,  was  to  hold  the  blocks  more  firmly  in  position  as  soon 
as  moisture  should  work  down  through  the  joints  of  the  pave- 
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ment  and  cause  the  cement  to  set.  1  he  cement  cushion  proved 
unsatisfactory,  as  it  was  too  unyielding.  A  paving  bed  consisting 
of  a  mixture  of  a  small  proportion  of  dry  cement  with  dry  sand 
has  been  used  with  success  in  wood  block  pavements. 

Inspection  and  Maintenance :  The  need  of  frequent  and 
thorough  inspection,  particularly  of  those  parts  of  a  structure  most 
exposed  to  corrosion  and  usually  the  most  inaccessible,  has  been 
impressed  upon  the  author  by  his  own  experience.  \\  here  paint 
is  the  protective  coating  of  steel,  no  one  denies  that  proper  main¬ 
tenance  consists  in  keeping  the  metal  so  well  painted  that  rust 
will  not  form,  and,  if  rust  has  formed,  that  it  should  be  thoroughly 
removed  before  the  metal  is  repainted.  Messrs.  Speller  and  Unger 
have  laid  emphasis  in  their  discussions  upon  the  necessity  of 
thorough  cleaning  of  the  metal  work  before  painting.  W  hen  main¬ 
tenance  is  in  the  hands  of  engineers  who  understand  the  situation 
and  have  ample  facilities  for  doing  maintenance  work,  these 
ideal  results  may  be  reached,  at  least  to  a  considerable  extent. 
Unfortunately,  however,  particularly  in  the  case  of  highway 
bridges,  the  maintenance  work  is  often  left  to  ignorant  and  un- 
technical  hands,  the  first  principles  and  the  need  of  careful  main¬ 
tenance  are  not  known  or  appreciated,  and  the  results  of  such 
practice  have  been  shown  in  some  of  the  illustrations  of  excessive 
corrosion  accompanying  this  paper. 

The  use  of  foot  walks  to  facilitate  inspection  and  to  give 
more  ready  access  for  painting  is  suggested  by  Mr.  Cushman. 
Foot  walks  are  feasible  in  many  large  deck  bridges,  and  the 
author  has  used  them  in  certain  instances.  Unfortunately,  how¬ 
ever,  in  the  ordinary  type  of  highway  bridge  over  a  railroad,  their 
use  is  wholly  impracticable. 


The  desirability  of  keeping  wood  work  away  from  the  steel, 
in  order  to  prevent  the  accumulation  of  dirt  which  will  hold 


moisture  and  cause  corrosion,  has  been  emphasized  by  Mr.  Mar¬ 
tin.  In  through  plate  girder  bridges  with  plank  flooring,  the 
author  has  specified  that  the  floor  planking  should  be  cut  clear  of 
the  girder  webs  from  an  inch  to  an  inch  and  a  half,  not  only  to 
avoid  trouble  from  dirt  and  moisture,  but  also  to  afiford  ventila¬ 
tion  and  provide  for  the  escape  of  locomotive  gases  which  other¬ 
wise  would  be  pocketed  beneath  the  floor. 
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Relative  Corrosion  of  Wrought  Iron  and  Steel :  In  reply  to 
the  questions  which  have  been  asked  as  to  the  relative  rates  of 
corrosion  of  wrought  iron  and  steel,  the  author  has  no  positive 
data  to  offer  by  which  this  relative  corrosion  may  be  measured. 
A  number  of  cases  have  come  to  his  attention,  however,  in  which 
steel  bridges  over  railroads,  built  within  the  past  20  years  or  so, 
are  today  in  worse  condition  than  wrought  iron  bridges  similarly 
situated,  which  have  been  standing  35  or  40  years.  In  general, 
experience  in  Boston  indicates  that  modern  steel  will  rust  more 
rapidly  than  the  wrought  iron  formerly  used  for  structural  work. 

Failure  of  Sheet  Lead  Protection :  Dr.  Unger  expresses  his 
disappointment  at  the  failure  of  sheet  lead  protection  in  the  case 
of  Cottage  Farm  Bridge,  cited  in  the  paper.  Failure  in  this  case 
was  not  due  to  chemical  action  of  locomotive  gases,  but  solely  to 
blast  action,  the  clearance  between  the  tops  of  the  locomotive 
smoke  stacks  and  the  sheet  lead  protection  being  only  a  matter 
of  inches.  With  the  effects  of  blast  action  eliminated,  as  by  the 
use  of  blast  shields,  the  author  sees  no  reason  to  believe  that  a 
sheet  lead  protection  would  not  prove  effective. 

Blast  Action  on  Concrete :  Mr.  Thayer  asks  whether  the 
ordinary  action  of  locomotives,  which  simply  pass  beneath  the 
bridge,  will  wear  away  the  concrete  very  rapidly.  In  this  con¬ 
nection,  distinction  must  be  drawn  as  to  the  effect  upon  bridges 
spanning  a  level  track  between  stations  and  that  upon  bridges 
close  by  a  station,  or  over  tracks  on  a  grade,  where  the  blast 
action  is  much  more  severe  than  in  the  first  case.  The  author 
has  not  found  blast  action  to  be  particularly  destructive  to  ver¬ 
tical  concrete  surfaces,  such  as  web  protection,  nor  to  horizontal 
surfaces,  such  as  the  under  side  of  floor  slabs  or  arches,  which 
are  well  above  the  track  at  such  height  that  the  force  of  the  blast 
has  been  considerably  dissipated.  Fie  would  expect  to  find  rapid 
erosion  in  horizontal  surfaces  of  concrete  placed  at  such  low 
elevation  as  to  be  subjected  to  a  sharp,  direct  blast. 

Air.  Ferguson  has  mentioned  a  bridge  in  Pittsburgh  in  which 
the  concrete  protection  of  a  bottom  flange,  four  inches  in  thick¬ 
ness,  has  been  worn  away  two  inches  in  about  six  years.  Mr. 
Martin  has  spoken  of  the  need  of  blast  shields  to  protect  the  con¬ 
crete  of  bottom  flanges  and  that  over  heavy  pulling  tracks.  Ex- 


DISCUSSION - PROTECTION  OF  METAL  STRUCTURES 


191 


amples  of  the  blast  guards  in  use  in  the  overhead  bridges  of  the 
Pennsylvania  lines  west  of  Pittsburgh  have  been  shown  by  Mr. 
Miller.  Blast  shields  are  being  extensively  employed  in  over¬ 
head  bridges  protected  by  concrete.  They  have  proven  effective, 
and  the  author  advises  their  use  under  general  conditions. 

Concrete  Protection  of  Bottom  Flanges :  There  are  two  rea¬ 
sons  why  the  author  has  not  used  a  concrete  protection  com¬ 
pletely  surrounding  the  bottom  flange  of  a  girder;  preferring, 
instead,  to  leave  the  under  side  and  edges  of  such  a  flange  ex¬ 
posed.  First,  there  are  the  examples  of  failure  of  this  method  of 
protection  which  have  already  been  noted  in  the  paper,  where 
the  concrete  cracked  at  the  edges  of  the  flange,  gases  entered  the 
cracks  and  ate  away  the  reinforcing  metal,  and  the  concrete  pro¬ 
tection  then  fell  from  the  under  side  of  the  flange  in  sheets  suf¬ 
ficiently  large  to  cause  possible  injury  to  passengers  on  passing 
trains.  Secondly,  experience  covering  many  years  has  shown  that 
the  bottom  flange  of  a  girder  is  the  part  least  likely  to  corrode, 
the  worst  effect  of  locomotive  gases  being  found  just  beneath  the 
bridge  floor.  The  reason  for  this  is  that  the  gases  do  not  hang 
for  any  length  of  time  around  the  bottom  flange,  but  they  may 
be  pocketed  for  considerable  periods  just  under  the  floor  unless 
it  is  possible  to  provide  ventilation.  Experience  has  demon¬ 
strated  that  the  loss  of  section  from  the  under  side  of  a  bottom 
flange  of  a  main  girder  is  not  likely  to  be  more  than  a  small 
fraction  of  an  inch  in  a  period  of  many  years.  In  the  case  of  the 
upper  side  of  the  bottom  flange,  however,  the  situation  is  differ¬ 
ent,  for  there  dirt  may  collect  and  hold  moisture,  causing  rela¬ 
tively  rapid  corrosion  ;  hence  the  care  that  the  author  has  taken 
to  protect  the  upper  side  of  the  bottom  flanges  in  some  of  the 
bridges  illustrated  in  the  paper.  Mr.  Talbot  has  mentioned  the 
apparently  successful  use  of  concrete  protection  on  the  under 
side  of  the  bottom  flanges  of  the  steel  members  of  train  shed 
roofs.  In  this  connection,  it  should  be  borne  in  mind  that  these 
roof  members  are  not  subject  to  deflection  under  live  loads,  while 
the  failure  of  the  concrete  protection  of  the  bottom  flanges  noted 
in  the  paper  was  upon  floor  beams  carrying  heavy  live  loads  of 
street  cars  and  subject  to  considerable  vibration  and  deflection. 
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Protection  of  Steel  in  the  Boston  Subways :  No  special  pro¬ 
tection  of  the  steel  of  the  Boston  subways  has  been  used.  In  the 
earliest  subway  construction,  steel  beams  were  used  both  in  the 
side  walls  and  in  the  roof,  the  space  between  the  beams  being 
filled  solid  with  concrete.  In  some  cases  these  beams  were  first 
painted  with  red  lead  before  concreting,  but  most  of  them  were 
unpainted.  In  the  later  subway  work,  ordinary  reinforced  con¬ 
crete  construction  has  been  extensively  employed.  In  cases  where 
alterations  of  the  subways  have  been  made,  the  steel  placed  in  the 
older  subways  has  been  exposed  and  found  to  be  in  good  condi¬ 
tion  after  twelve  to  eighteen  years. 

Mass  Concrete  Protection  of  Steel  Work  :  Mr.  Cummings 
states  in  his  discussion :  “Mass  concrete  is  not  applicable  to 
metal  work.  Unfortunately,  it  is  too  true  that  a  great  deal  of 
mass  concrete  has  been  applied  in  the  vague  hope  that  it  might 
protect  the  metal  work,  but  more  frequently  it  acts  as  an  addition 
to  the  dead  load  and  has  no  real  useful  purpose.  In  other  words, 
it  is  a  mistaken  application  of  concrete.”  The  author  must  take 
issue  with  Mr.  Cummings  upon  this  point.  There  are  instances, 
far  too  numerous  to  mention,  where  mass  concrete  is  giving  good 
service  as  a  protection  to  metal  work,  particularly  in  bridge  floors. 

Concrete  in  Sea  Water :  The  author  cannot  agree  with  Air. 
Cummings  in  attributing  the  well-known  failures  of  concrete  in 
sea  water  in  Boston  to  poor  engineering  or  to  “variable  and 
treacherous”  aggregates.  Mr.  Cummings  cites  a  case  in  which 
concrete  piles  have  been  successfully  used  at  Chester,  Pennsyl¬ 
vania,  and  he  states  that  in  no  case  in  his  experience  “during  the 
past  several  years  on  the  east  coast  has  he  found  a  failure  or 
indication  of  failure  of  concrete  when  skillfully  placed  in  sea 
water.”  Air.  Cummings  apparently  overlooks  the  important  dis¬ 
tinction  between  concrete  structures,  such  as  concrete  piles,  which 
are  thoroughly  aged  before  being  exposed  to  sea  water,  and  other 
concrete  structures  which  are  built  in  place  in  tide  water,  between 
tides,  and  at  once  subjected  to  salt  water  action.  As  this  distinc¬ 
tion  may  not  have  been  sufficiently  plain  in  the  paper,  the  author 
will  endeavor  to  re-state  his  views,  possibly  with  greater  clear¬ 
ness,  as  follows : 
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1.  Mass  concrete  below  low  water  level,  and  therefore 
always  submerged,  has  been  successfully  used  for  years  in  tide 
water  foundations  around  Boston.  \\  here  the  concrete  has  been 
always  under  water,  there  has  been  no  case  that  has  come  to  the 
speaker  s  attention  in  which  disintegration  has  occurred. 

2.  Experience  in  Boston  indicates  that  where  concrete  is 
made  dense,  at  least  at  the  surface,  and  has  been  allowed  to  thor¬ 
oughly  set  (preferably  for  months)  before  being  placed  in  sea 
water,  it  ma)  stand  successfully  in  the  critical  zone,  namely,  the 
zone  between  low  tide  and  high  tide. 

3-  1  here  are  instances  where  concrete  must  be  put  in  place 

between  tides  in  the  “danger  zone”  just  mentioned  and  must  be 
submerged  by  the  next  tide  before  it  has  had  time  to  set.  Experi¬ 
ence  in  Boston  Harbor  proves  that  such  concrete,  however  well 
made  and  deposited,  is  likely  to  go  to  pieces  within  a  few  years’ 
time.  Instances  of  this  third  group  have  furnished  many  exam¬ 
ples  of  failure  about  Boston.  They  should  not  be  classed  as  poor 
engineering ,  rather  should  credit  be  given  to  those  pioneer  users 
of  concrete  whose  courageous  experiments  have  added  to  our 
knowledge  of  the  behavior  of  concrete  in  sea  water. 


Bibliography  of  Metal  Corrosion  and  Protection 


This  bibliography,  compiled  by  the  Technology  Department  of  the 
arnegie  Library  of  Pittsburgh,  constitutes  a  supplement  to  the  fifty- 
eight-page  bibliography  of  “Metal  Corrosion  and  Protection”  originally 
published  in  the  Monthly  Bulletin  of  that  Library  for  July,  1909  (ten 
cents,  postpaid),  reprinted  in  full  in  A.  S.  Cushman  and  H.  A.  Gardner’s 
“Corrosion  and  Preservation  of  Iron  and  Steel,”  1910,  reprinted  in  part 
in  Alfred  Sang’s  “Corrosion  of  Iron  and  Steel,”  1910,  and  appearing  in 

a  complete  French  translation  in  “Revue  de  Metallurgie,”  April,  1914,  pp. 
26 7 — 296. 

This  supplement  includes  the  literature  of  1909-1915,  with  a  few 
earlier  articles  not  included  in  the  original  bibliography. 


.bibliography 

Carnegie  Library,  of  Pittsburgh,  Pa. 

Corrosion  et  protection  des  metaux;  livres  et  articles 

ed.2,  1914.  (In  Revue  de  metallurgie,  v.ll,  p.l,  p.267 _ 2S 

Translation  of  extensive,  annotated  bibliographv,  publisl 
negie  Library  of  Pittsburgh. 


revues., 
by  Car- 


194  PROCEEDINGS  ENGINEERS’  SOCIETY,  WESTERN  PENNA. 

Tuttle,  Morton  C. 

Bibliography  of  the  corrosion  of  iron  and  steel  in  cinder  con¬ 
crete.  1912.  (In  Engineering  news,  v.67,  p.755 — 756.) 

Corrosion — General  and  Theoretical 

Andstroem,  V. 

Beitrag  zur  kenntnis  des  rosten  des  eisens.  1911.  (In  Zeitschrift 
flier  anorganische  chemie,  v.69,  p.10 — 21.) 

Arndt,  K. 

Das  rosten  verschiedener  eisensorten  an  feuchter  luft.  1910.  (In 
Chemiker  zeitung,  v.34,  p.425 — 426,  1078 — 1079.) 

Aston,  Janies  &  Burgess,  C.  F. 

Rate  of  rusting  of  iron  and  steel.  1912.  (In  Transactions  of  the 
American  Electrochemical  Society,  v.22,  p.219 — 240.) 

Bailey,  G.  H. 

Corrosion  of  aluminum.  1913.  (In  Journal  of  the  Institute  of 
Metals,  v.  9,  p.79 — 108.) 

“References,”  p.87. 

The  same,  condensed.  1913.  (In  Ironmonger,  v.142,  p.529 — 532.) 
Bengough,  Guy  D. 

Report  to  the  corrosion  committee  of  the  Institute  of  Metals. 
1911.  (In  Journal  of  the  Institute  of  Metals,  v.5,  p.  28 — 88.) 
Discussion,  p.89 — 114. 

The  same.  1911.  (In  Mechanical  engineer,  v.27,  p.108 — 111,  137 — 
140,  174— 177,  209—210,  236— 239.) 

See  also  editorial,  p.  55. 

Bradbury,  W.  A. 

Rusting  of  iron  in  water.  1913.  (In  Chemical  news,  v.108,  p.307 
—308.) 

Bresch,  G. 

Ea  formation  de  la  rouille.  1910.  (In  Revue  de  metallurgie,  v. 
7,  pt.l,  memoires,  p.433 — 446.) 

British  Association  for  the  Advancement  of  Science. 

Influence  of  carbon  and  other  elements  on  the  corrosion  of  steel; 
report  of  committee.  1911.  (In  Report  of  the  British  Association 
for  the  Advancement  of  Science,  v.81,  p.83—91.) 

Bruhl,  Paul  T. 

Corrosion  of  brass,  with  special  reference  to  condenser  tubes. 
1911.  (In  Journal  of  the  Institute  of  Metals,  v.6,  p.279 — 311.) 

The  same,  condensed.  1911.  (In  Metal  industry,  v.9,  p.472 — 173, 
512—514.) 


BIBLIOGRAPHY  OF  METAL  CORROSION  AND  PROTECTION  195 


Buck,  D.  M. 

Copper  in  steel;  the  influence  on  corrosion.  1913.  (In  Journal  of 
industrial  and  engineering  chemistry,  v.5,  p.447 — 452.) 

The  same.  1913.  (In  Iron  age,  v.91,  pt.2,  p.931 — 936.) 

Burgess,  Charles  F.  &  Aston,  James. 

Influence  of  various  elements  on  the  corrodibility  of  iron.  1912. 
(In  Original  communications  to  the  Eighth  International  Congress 
of  Applied  Chemistry,  v.26,  p.479 — 490.) 

The  some.  1912.  (In  Transactions  of  the  American  Electrochemical 
Society,  v.22,  p.241 — 250.) 

The  same.  1913.  (In  Journal  of  industrial  and  engineering  chemis¬ 
try,  v.5,  p.458 — 462.) 

Chapman,  Cloyd  M. 

Value  of  the  sulphuric  acid  corrosion  test.  1911.  (In  Proceed¬ 
ings  of  the  American  Society  for  Testing  Materials,  v.ll,  p.609—614.) 
The  same.  1911.  (In  Iron  age,  v.88,  pt.l,  p.99.) 

Chappell,  C. 

Influence  of  carbon  on  the  corrodibility  of  iron.  1912.  (In  Jour¬ 
nal  of  the  Iron  and  Steel  Institute,  v.85,  p.  270 — 296.) 

The  same.  1912.  (In  Ironmonger,  v.139,  May  11  (special  number) 

p.82— 88.) 


Clark,  H.  W. 

In\  estigation  of  the  action  of  water  upon  lead,  tin  and  zinc,  with 
especial  reference  to  the  use  of  lead  pipes  with  Massachusetts  water 
supplies.  1898.  (In  Massachusetts  State  Board  of  Health.  Thirteenth 
annual  report,  p.541 — 585.) 


Clement,  J.  K.  &  Walker,  L.  V. 


Electrolytic  method  for  the  prevention  of  the  corrosion  of  iron 
and  steel.  1912.  (In  Original  communications  to  the  Eighth  Inter¬ 
national  Congress  of  Applied  Chemistry,  v.26,  p.491—502.) 

T  he  same.  1913.  (In  Journal  of  industrial  and  engineering  chemis¬ 
try,  v.5,  p.361 — 366.) 


The  same.  1912.  ( In  Transactions  of  the  American  Electrochemical 

Society,  v.22,  p.193—208.) 

Clement,  J.  K.  &  Walker,  L.  V. 

Electrolytic  method  of  preventing  corrosion  of  iron  and  steel. 

19  p.  1913.  (United  States  Bureau  of  Mines— Technical  paper,  No.' 

1 5  • ) 


The  same ,  condensed.  1913.  (In  Industrial  world,  v.93,  p.959.) 
Cobb,  John  W. 

Influence  of  impurities  on  the  corrosion  of  iron.  1911.  (In  Jour¬ 
nal  of  the  Iron  and  Steel  Institute,  v.83,  p.170—195.) 

The  same,  condensed.  1911.  (In  Iron  and  coal  trades  review  v  82 
p.750— 751.) 


196 


PROCEEDINGS  ENGINEERS'  SOCIETY,  WESTERN  PENNA. 


Cobb,  John  W.  &  Dougill,  G. 

Corrosion  by  dissolved  oxygen.  1914.  (In  Journal  of  the  Society 
of  Chemical  Industry,  v.33,  p.403 — 407.) 

Contagious  diseases  of  metals;  the  researches  of  Prof.  Ernest  Cohan. 
1910.  (In  Scientific  American,  v.116,  p.517 — 518.) 

See  also  letter,  v.117,  p.323. 

Corner,  John  T. 

Some  practical  experience  with  corrosion  of  metals.  1911.  (In 
Journal  of  the  Institute  of  Metals,  v.5,  p.  1 1 5 — 126.) 

The  same.  1911.  (In  Mechanical  engineer,  v.27,  p.76 — 77.) 
Examples  are  taken  from  experiences  on  board  ships. 

Corrosion  of  iron  and  other  metals.  1911.  (In  Science  progress,  v. 
5,  p.642 — 659,  v.6,  p.311 — 334.) 

Argues  in  favor  of  the  acid,  as  opposed  to  the  electrolytic,  theory. 

Corrosion  of  metals.  1911.  (In  Metal  industry,  v.9,  p.129 — 130.) 

Editorial,  commenting  on  report  of  Bengough  to  the  Institute  of 
Metals. 

Corrosion  of  track  fastenings  in  zinc-treated  ties.  1912.  (In  Engi¬ 
neering  record,  v.66,  p.131.) 

Crabtree,  J.  I. 

Nature  of  overvoltage.  1913.  (In  Transactions  of  the  Faraday 
Society,  v.9,  p.125 — 131.) 

Suggests  a  parallelism  between  the  over-voltage  of  a  metal  and  its 
corrosion  factor. 

Cushman,  Allerton  S. 

Corrosion  of  steel  and  its  prevention;  examples  of  unusual  resist¬ 
ance  in  wrought  iron;  analyses  corresponding  to  those  of  the  newer 
open  hearth  products.  1912.  (In  Iron  age,  v.89,  pt.2,  p.1278 — 1280.) 
Paper  before  American  Iron  and  Steel  Institute. 

Cushman,  Allerton  S. 

Pure  iron  vs.  copper-bearing  steel;  a  brief  for  the  plaintiff,  with 
historical  data  bearing  upon  the  development  of  rust-resistant  metals 
in  the  United  States.  47  p.  1913.  (Institute  of  Industrial  Research. 
Bulletin  No.  5.) 

Cushman,  Allerton  S.  &  Gardner,  Henry,  A. 

Corrosion  and  preservation  of  iron  and  steel.  373  p.  1910. 

“Metal  corrosion  and  protection,  references  to  books  and  magazine 
articles;  prepared  by  the  Carnegie  Library  of  Pittsburgh,”  p.  301 — 363. 

Valuable  book,  based  on  extensive  original  investigations  and  ex¬ 
haustive  study  of  the  existing  (1910)  literature. 

Desch,  Cecil  H. 

Corrosion  of  iron  and  steel.  1909.  (In  Journal  of  the  West  of 
Scotland  Iron  and  Steel  Institute,  v.17,  p.30 — 38.) 

Discussion,  p.87 — 98. 

The  same,  condensed.  1910.  (In  Iron  age,  v.85,  pt.2,  p.895 — 897.) 


BIBLIOC.RAI’in  OF  METAL  CORROSION  AND  I’ROTECTION 


Desch,  Cecil  H.  &  Whyte,  Samuel. 

Influence  ot  manganese  on  the  corrosion  of  steel.  1914.  (In 
•J°i9ina*  ot  ^le  ^  est  ot  Scotland  Iron  and  Steel  Institute,  v.21.  p.176 

“References,”  p.  191. 

Discussion,  p.  217 — 222,  234 — 238. 

Dunstan,  Wyndham  Rowland  &  Hill,  J.  R. 

Aerial  oxidation  (rusting)  of  metals.  1911.  (In  Journal  of  the 
Chemical  Society,  v.99,  pt.2,  p.1835— 1853.) 

Dunstan,  Wyndham  Rowland  &  Hill,  J.  R. 

Passivity  of  iron  and  certain  other  metals.  1911.  (In  Journal  of 
the  Chemical  Society,  v.99,  pt.2.  p.1853-1866.  >  Journal  ot 

Ehrenfeld,  C.  H. 

Corrosion  by  electrolysis;  the  effect  of  electrolysis  upon  parts 
ot  ice  making  and  refrigerating  machinery;  some  laboratory  analy¬ 
ses;  prevention  of  electrolysis;  rust-proof  iron;  pure  iron.  1912  (In 
Ice  and  refrigeration,  v.43,  p.7—9.) 

Engler,  C. 

Leber  die  loslichkeit  der  metalle  in  petroleum.  1880.  (In  Chem- 
lsches  centralblatt,  v.51,  p.219.) 

Abstract. 

The  same,  abstract  translation.  1880.  (In  Chemical  news  v41 
p.284.) 

Entlow,  A.  T. 

Corrosion-resisting  qualities  of  modern  mild  steel  vs.  old-time 
iron.  1914.  (In  Canadian  engineer,  v.26,  p.833— 835.) 

Fleming,  William  R. 

Corrosion  of  iron  in  pure  water  and  air  combined;  the  elec- 
trolytic  theory  again  confirmed.  1912.  (In  Journal  of  industrial  and 
engineering  chemistry,  v.4,  p.480—486.) 

'I  he  same.  1912.  (In  Iron  age,  v.90,  pt.l,  p.82 — 83.) 

Fleming,  Will  iam  R. 

Wrought  iron,  steel  and  corrosion;  a  study  in  differences  of 
chemical  and  physical  properties  and  their  relation  to  variations  in 
service.  1912.  (In  Iron  age,  v.89,  pt.l,  p.666—668.) 

Friend,  J.  N  ewrton. 

Action  of  air  and  steam  on  pure  iron.  1909.  (In  Journal  of  the 
Iron  and  Steel  Institute,  v.80,  p.172— 182.) 

The  same.  1909.  (In  Ironmonger,  v.129,  p.58 _ 60.) 

Friend,  J.  N  ewton. 

Action  ot  steam  on  iron.  1909.  (In  Journal  of  the  West  of  Scot¬ 
land  Iron  and  Steel  Institute,  v.17,  p.66—79.) 


198 


PROCEEDINGS  ENGINEERS’  SOCIETY,  WESTERN  PENNA. 


Friend,  J.  Newton. 

Corrosion  of  iron.  1909.  (In  Journal  of  the  Iron  and  Steel  In¬ 
stitute,  v.80,  p.257 — 261.) 

The  same.  1909.  (In  Ironmonger,  v.129,  p.41 — 42.) 

Friend,  J.  Newton. 

Corrosion  of  iron;  a  historical  correction.  1911.  (In  Chemical 
news,  v.103,  p.138.) 

Friend,  J.  Newton. 

Corrosion  of  iron  and  steel.  300  p.  1911. 

Book,  aiming-  to  collect  and  present  all  the  reliable  information  on  the 
subject  available  at  the  time  (1911),  to  summarize  it,  and  to  criticize  it 
intelligently. 

Friend,  J.  Newton. 

Novel  experiments  and  facts  concerning  corrosion.  1913.  (In 
Science  progress  in  the  twentieth  century,  v.8,  p.20 2 — 208.) 

Friend,  J.  Newton. 

Porosity  of  iron  and  its  relation  to  passivity  and  corrosion.  1912. 
(In  Journal  of  the  Chemical  Society,  v.101,  p.l,  p.50 — 56.) 

Friend,  J.  Newton  &  Brown,  Joseph  H. 

Action  of  aqueous  solutions  of  single  and  mixed  electrolytes  upon 
iron.  1911.  (In  Journal  of  the  Iron  and  Steel  Institute,  v.83,  p.125 
—144.) 

The  same,  condensed.  1911.  (In  Iron  and  coal  trades  review,  v.82, 
p.745— 747.) 

Friend,  J.  Newton  &  Marshall,  C.  W. 

Influence  of  molybdenum  upon  the  corrodibility  of  steel.  1914. 
(In  Journal  of  the  Iron  and  Steel  Institute,  v.89,  p.503 — 507.) 

The  same,  condensed.  1914.  (In  Iron  and  coal  trades  review,  v.88, 
p.678.) 

Friend,  J.  Newton  &  Marshall,  C.  W. 

Influence  of  silicon  on  the  corrosion  of  cast  iron.  1913.  (In 
Journal  of  the  Iron  and  Steel  Institute,  v.87,  p.382 — 387.) 

The  same.  1913.  (In  Canadian  engineer,  v.24,  p.838 — 839.) 

Friend,  J.  Newton  &  others. 

Action  of  steam  on  iron  at  high  temperatures.  1911.  (In  Jour¬ 
nal  of  the  Chemical  Society,  v.99,  pt.l,  p.969 — 973.) 

Friend,  J.  Newton  &  others. 

Corrodibility  of  nickel,  chromium,  and  nickel-chromium  steels. 
1913.  (In  Journal  of  the  Iron  and  Steel  Institute,  v.87,  p.388 — 398.) 
Friend,  J.  Newton  &  others. 

Corrosion  of  nickel,  chromium  and  nickel-chromium  steels.  1912. 
(In  Journal  of  the  Iron  and  Steel  Institute,  v.85,  p.249 — 258.) 

The  same.  1912.  (In  Ironmonger,  v.139,  May  11  (special  number), 
p.79—81.) 


BIBLIOGRAPHY  OF  METAL  CORROSION  AND  PROTECTION  199 


Friend,  J.  Newton  &  others. 

Mechanism  of  corrosion.  1912.  (In  Journal  of  the  Iron  and 
Steel  Institute,  v.85,  p.259 — 269.) 

The  same.-  1912.  In  Ironmonger,  v.139,  May  11  (special  number), 

p.81—82.) 

Concludes  that  light  is  a  factor  in  promoting  corrosion. 

Fuller,  George  W. 

Concerning  the  corrosion  of  metals  by  water.  1910.  (In  Engi¬ 
neering  record,  v.61,  p.550 — 551.) 

Gaines,  Richard  H. 

Bacterial  activity  as  a  corrosive  influence  in  the  soil.  1910.  (In 
Journal  of  industrial  and  engineering  chemistry,  v.2,  p.128 — 130.) 

Gaines,  Richard  H. 

Corrosion  of  cast  iron  reviewed;  its  nature  and  causes  and  the 
practice  to  secure  resistance  to  destruction.  1913.  (In  Iron  age  v 
91,  pt.2,  p.1358— 1359.) 

Gaines,  Richard  H. 

Corrosion  of  lead  1913.  (In  Engineering  record,  v.67,  p  685 — 

686.) 

Gaines,  Richard  H. 

Corrosion  of  metals  and  alloys  in  contact;  influence  of  galvanic 
action  on  steel  and  alloys  in  concrete  and  in  water,  determined  ex¬ 
perimentally,  and  results  of  practical  experience.  1914.  (In  Engi¬ 
neering  record,  v.69,  p.103 — 104.) 

Gee,  W.  W.  Haldane. 

Electrolytic  methods  for  preventing  corrosion.  1913.  (In  Trans¬ 
actions  of  the  Faraday  Society,  v.9,  p.115—124.) 

Gegenwaertige  stand  des  korrosions  problems.  1912.  (In  Interna¬ 
tionale  zeitschrift  fuer  metallographie.  v.2,  p.178—194.) 

Gudeman,  Edw'ard. 

Corrosion  of  metallic  food  containers;  causes  and  prevention. 
1910.  (In  Transactions  of  the  American  Electrochemical  Society 
v.18,  p.97— 102.) 

Hale,  Frank  E. 

Discussion  on  corrosion  of  metals.  1913.  (In  American  journal 
of  public  health,  v.23,  p.1337— 1342.) 

Hamilton,  E.  K. 

Data  on  the  influence  of  copper  on  the  corrosion  of  iron  and 
steel.  1914.  (In  American  gas  light  journal,  v.100,  p.246— 247,  250 


200  PROCEEDINGS  ENGINEERS*  SOCIETY,  WESTERN  PENNA. 


Hanson,  Hugo  H.  &  Lewis,  W.  K. 

Method  for  testing  the  mutual  corrosive  effect  of  metals.  1912. 
(In  Transactions  of  the  American  Electrochemical  Society,  v.22,  p. 
259—264.) 

Heap,  Harri. 

Contribution  to  the  study  of  the  actions  of  various  waters  upon 
lead.  1913.  (In  Journal  of  the  Society  of  Chemical  Industry,  v.32, 
pt.2,  p.771 — 775,  811—815,  847—856.) 

“References.”  p.  854. 

Heyn,  E. 

Untersuchungen  ueber  den  angriff  des  eisens  durch  wasser.  1900. 
(In  Mittheilungen  aus  den  koeniglichen  technischen  versuchsanstal- 
ten,  v.18,  p.38 — 55.) 

Heyn,  E.  &  Bauer,  O. 

On  the  corrosion  of  iron  in  water  and  aqueous  solutions.  21  p. 
1909.  (In  Proceedings  of  the  Fifth  Congress  of  the  International 
Association  for  Testing  Materials,  section  17.) 

Heyn,  E.  &  Bauer,  O. 

Rosten  von  eisen  bei  gegenwart  von  hochofenschlacke.  1911.  (In 
Mitteilungen  aus  dem  koeniglichen  Materialpruefungsamt,  v.29,  p.454 
—461.) 

Heyn,  E.  &  Bauer,  O. 

Ueber  den  angriff  des  eisens  durch  wasser  und  waesserige  losun- 
gen.  III.  1910.  (In  Mittheilungen  aus  den  koeniglichen  technischen 
versuchsanstalten,  v.28,  p.62 — 137.) 

Heyn,  E.  &  Bauer,  O. 

Zersetzungserscheinungen  an  aluminium  und  aluminiumgeraeten. 
1911.  (In  Mitteilungen  aus  dem  koeniglichen  Materialpruefungsamt, 
v.29,  p.2—28.) 

Lambert,  Bertram. 

Electrolytic  theory  of  the  corrosion  of  iron.  1913.  (In  Transac¬ 
tions  of  the  Faraday  Society,  v.9,  p.108 — 114.) 

The  same.  1913.  (In  Chemical  news,  v.107,  p.184 — 186.) 

The  same.  1913.  (In  Metallurgical  and  chemical  engineering,  v.ll, 
p.272— 274.) 

Lambert,  Bertram  &  Thomson,  J.  C. 

Wet  oxidation  of  metals.  Part  1.  The  rusting  of  iron.  1911. 
(In  Journal  of  the  Chemical  Society,  v.97,  pt.2,  p.2426 — 2433.) 

Landis,  Walter  S. 

Electrolytic  corrosion  of  electroplated  objects.  1911.  (In  Trans¬ 
actions  of  the  American  Electrochemical  Society,  v.19,  p.59 — 67.) 
Discusses  corrosion  of  gold-plated  steel  pens. 


BIBLIOGRAPHY  OF  METAL  CORROSION  AND  PROTECTION  201 


Lehmann,  K.  B. 

I  eber  die  angreifbarkeit  der  verzinnten  konservenbuechsen  durch 
sauren  und  verschiedene  konserven.  1907.  (In  Archiv  fuer  hygiene 
v.63,  p.67— 122.) 


Longmuir,  Percy. 

Corrosion  of  metals.  1911.  (In  Journal  of  the  Iron  and  Steel  In¬ 
stitute,  v.83,  p.147 — 169.) 

The  same,  condensed.  1911.  (In  Iron  and  coal  trades  review  v  82 
p.766— 767.)  ’  ‘  ’ 

Considers  effect  of  atmospheric  conditions  and  of  acid  pickling 
on  subsequent  corrosion. 

Lyon,  Frank. 

Accelerated  test  for  relative  corrodibility  of  irons  in  water  and 
water  solutions.  7  p.  1912.  (In  Proceedings  of  the  International  As¬ 
sociation  for  Testing  Materials,  sixth  congress,  section  24.) 

Macadam,  Stevenson. 

Paraffin  oils  and  their  action  upon  metals.  1877.  (In  Pharma¬ 
ceutical  journal,  series  3,  v.8,  p.463—464.) 

McCollum,  Burton  &  Logan,  K.  H. 

Electrolytic  corrosion  of  iron  in  soils.  69  p.  1913.  (United  States 
Bureau  of  Standards,  Technologic  paper.  No.  25.) 

McCollum,  Burton  &  Logan,  K.  H. 

Electrolytic  corrosion  of  iron  in  soils.  1913.  (In  Transactions 
of  the  American  Institute  of  Electrical  Engineers,  v.32,  pt.3,  p .  1 5 1 5 
— 1575.) 

The  same,  condensed.  1913.  (In  Electrical  review  and  western  elec¬ 
trician,  v.63,  p.25.) 


Maxwell,  W.  H. 

Decay  of  iron  and  steel  in  engineering  works.  1914. 
ian  engineer,  v.26,  p.449—452.) 

Condensed  from  paper  in  Journal  of  the  Institution  of 
County  Engineers. 


(In  Canad- 
Municipal  and 


Montfort,  W.  F. 

Prevention  of  iron  corrosion.  1913.  (In  American  journal  of 
public  health,  v.23,  p.1343— 1345.) 

“References,”  p.  1345. 

Morgan,  Alfred  P. 

Electrolytic  rusting  of  iron;  an  experiment  illustrating  same. 
1909.  (In  Scientific  American  supplement,  v.68,  p.182.) 

Mott,  William  Roy. 

Over-voltage  as  a  factor  in  the  corrosion  of  metals.  1909.  (In 
Transactions  of  the  American  Electrochemical  Society,  v.15,  p.569— 


202  PROCEEDINGS  ENGINEERS'  SOCIETY,  WESTERN  PENNA. 


Murray,  M.  Thornton. 

Notes  on  corrosion,  with  special  reference  to  the  corrosion  of 
steel  winding  ropes.  1909.  (In  Journal  of  the  Chemical,  Metallur¬ 
gical  and  Mining  Society  of  South  Africa,  v.10,  p.54 — 60.) 

Novel  test  for  resistance  to  corrosion.  1910.  (In  Engineering  news, 
v.63,  p.693 — 694.) 

Rhead,  E.  L. 

Notes  on  some  probable  causes  of  the  corrosion  of  copper  and 
brass.  1909.  (In  Journal  of  the  Institute  of  Metals,  v.2,  p.73 — 97.) 
The  same.  1909.  (In  Mechanical  engineer,  v.24,  p.525 — 528.) 

The  same,  condensed.  1909.  (In  Ironmonger,  v.129,  p.131 — 133.) 

See  also  paper  by  Tardy. 

Rosenhain,  Walter. 

Note  on  a  specimen  of  ancient  iron  from  Ceylon.  1913.  (In 
Transactions  of  the  Faraday  Society,  v.9,  p.132 — 135.) 

Examines  specimen  with  exceptional  power  of  resisting  corrosion. 

Rusting  of  iron,  and  the  Rochester,  N.  Y.,  steel  conduit.  1909.  (In 
Engineering,  London,  v.88,  p.272 — 274,  304 — 308.) 

Sang,  Alfred. 

Corrosion  of  iron  and  steel.  141  p.  1910. 

“Bibliography  compiled  by  the  Carnegie  Library  of  Pittsburgh,”  p. 
105 — 127. 

Based  on  paper  before  Engineers’  Society  of  Western  Pennsylvania, 
1908.  Avowedly  a  compilation,  but  prepared  with  care  and  good  judg¬ 
ment.  Good,  concise  summary  of  the  subject. 

Schofield,  E.  H. 

Corrosion  of  metals  in  natural  soils.  1914.  (In  Electric  railway 
journal,  v.44,  p.1092 — 1095.) 

Smith,  Morgan  B. 

Air  as  a  stimulator  of  corrosion  in  refrigerating  systems.  1913. 
(In  Engineering  news,  v.69,  p.1002 — 1003.) 

Smith,  Morgan  B. 

Corrosion  in  refrigerating  systems.  1913.  (In  Power,  v.38,  p. 
268—270.) 

Smith,  Morgan  B. 

Protection  of  refrigerating  apparatus  against  corrosion.  1911. 
(In  Ice  and  refrigeration,  v.41,  p.159 — 160.) 

Paper  before  American  Society,  of  Refrigerating  Engineers. 

Stoughton,  Bradley. 

Causes  and  prevention  of  corrosion  of  iron  and  steel.  1911.  (In 
Engineering  magazine,  v.41,  p.626 — 631.) 

Stuart,  A.  T. 

Corrosion  of  metals  by  water.  1913.  (In  Journal  of  industrial 
and  engineering  chemistry,  v.5,  p.  905 — 906.) 


BIBLIOGRAPHY'  OF  METAL  CORROSION  AND  PROTECTION 


203 


Stuart,  A.  T. 

Corrosion  of  metals  by  water;  with  special  reference  to  relative 
corrosivity  of  “mechanically  filtered”  and  “raw”  waters,  and  to  the 
effect  of  water  on  unlike  metals  in  contact.  1914.  (In  Proceedings 
and  transactions  of  the  Royal  Society  of  Canada,  series  3,  v.7,  section 
3,  p.183—188.) 

Tardy,  W.  B. 

Some  theories  and  notes  on  the  corrosion  of  copper  and  brass. 
1910.  (In  Journal  of  the  American  Society  of  Naval  Engineers,  v.22, 
p.851 — 856.) 

The  same,  condensed.  1910.  (In  Power,  v.32,  pt.2,  p.2018 — 2019.) 
The  same,  condensed.  1911.  (In  Boilermaker,  v.ll,  p.199 — 200.) 
Reviews  theories  discussed  in  paper  by  Rhead. 

Taylor,  L.  B. 

Causes  and  prevention  of  corrosion.  1914.  (In  Power,  v.34,  p.623 — 
625.) 

Thompson,  Gustave  W. 

Notes  on  the  corrosion  of  iron  and  steel  and  its  prevention.  1910. 
(In  Transactions  of  the  American  Institute  of  Chemical  Engineers, 
v.3,  p.222—236.) 

The  same.  1910.  (In  Chemical  engineer,  v.12,  p.  1 55 — 159.) 

Vaubel,  Wilhelm. 

Eine  neue  chemische  ursache  des  rostens  von  eisen.  1913.  (In 
Chemiker  zeitung,  v.37,  p.693 — 694.) 

Vaughan,  William. 

Corrosion  of  brass  foundry  products.  1911.  (In  Transactions  of 
the  American  Brass  Founders’  Association,  v.5,  p.18 — 34.) 

The  same.  1911.  (In  Chemical  engineer,  v.14,  p.277 — 280.) 

Walker,  William  H. 

Corrosion  of  iron  and  steel.  1913.  (In  Journal  of  the  Society 
of  Chemical  Industry,  v.32,  pt.  1,  p.584 — 585.) 

The  same,  condensed.  1913.  (In  Metal  worker,  plumber  and  steam 
fitter,  v.79,  p.700.) 

Walker,  William  H. 

Marked  influence  of  copper  in  iron  and  steel  on  the  acid  corrosion 
test.  1911.  (In  Proceedings  of  the  American  Society  for  Testing 
Materials,  v.ll,  p.615 — 621.) 

Watts,  Oliver  P. 

Effect  of  various  substances  on  the  rate  of  corrosion  of  iron  by 
sulphuric  acid.  1912.  (In  Transactions  of  the  American  Electro¬ 
chemical  Society,  v.21,  p.337 — 358.) 

The  same,  condensed.  1912.  (In  Canadian  engineer,  v.22,  p.588 — 
590.) 


204  PROCEEDINGS  ENGINEERS’  SOCIETY,  WESTERN  PENNA. 


Weston,  Robert  Spurr. 

Corrosive  action  of  water  on  metals.  1910.  (In  Journal  of  the 
New  England  Water  Works  Asociation,  v.24,  p.559 — 568.) 
“References,”  p.567 — 568. 

White,  G.  R. 

Electrolytic  corrosion  of  some  metals.  1911.  (In  Journal  of 
physical  chemistry,  v.15,  p.723 — 792.) 

Whyte,  Samuel  &  Desch,  Cecil  H. 

Micro-chemistry  of  corrosion.  Part  2.  The  a-  alloys  of  copper 
and  zinc.  1914.  (In  Journal  of  the  Institute  of  Metals,  v.ll,  p.235 
—245.) 

The  same ,  condensed.  1914.  (In  Ironmonger,  v.146,  p.262 — 263.) 

Zeigler,  S.  J.,  Jr. 

Corrosion  of  common  metals  and  methods  of  prevention.  1914. 
(In  Journal  of  the  American  Society  of  Naval  Engineers,  v.26,  p.854 
—863.) 

“Bibliography,”  p.863. 

Corrosion  by  Electrolysis 

Babcock,  William  S. 

Method  of  protecting  steel  pipe  water  mains  from  electrolysis, 
Springfield,  Mass.,  water  works.  1911.  (In  Engineering-contracting, 
v.35,  p.254 — 255.) 

Ball,  W.  Valentine. 

Escaping  electricity  and  the  law.  1902.  (In  Traction  and  trans¬ 
mission,  v.5,  p.260 — 263.) 

Ball,  W.  Valentine. 

Law  of  electrolysis.  1901.  (In  Traction  and  transmission,  v.2, 
p.1—5.) 

Ball,  W.  Valentine. 

Law  relating  to  the  escape  of  electricity.  1904.  (In  Electrical 
world  and  engineer,  v.44,  p.  1 05 1 — 1054.) 

Bergius,  F.  &  Krassa,  P. 

Die  angreifbarkeit  von  eisen  durch  wechselstrom  und  durch  mehr- 
fach  umgepolten  gleichstrom.  1909.  (In  Zeitschrift  fuer  elektroche- 
mie,  v.15,  p.712— 717.) 

Corson,  W.  R.  C. 

Investigation  of  electrolysis  in  boilers.  1912.  (In  Locomotive, 
v.29,  p.6—10.) 

Deutscher  Verein  von  Gas-  und  Wasserfachmaennern. 

Bericht  der  commission  zur  aufstellung  von  schutzmassregeln 
fuer  die  gas-  und  wasserleitungsroehren  gegen  strassenbahn-stark- 

stroeme.  1899.  (In  Journal  fuer  gasbeleuchtung  und  wasserversor- 
gung,  v.42,  p.873.) 


BIBLIOGRAPHY  OF  METAL  CORROSION  AND  PROTECTION 


205 


Electrolysis.  1909.  (In  Engineer,  London,  v.  108,  p.  211— 212.) 
Editorial. 

Electrolysis  decision  in  Dayton  [Ohio].  1902.  (In  Street  railway 
journal,  v.19,  p.458 — 465.) 

Fernie,  F. 

Electric  cables;  electrolysis.  1910.  (In  Electrician,  v.65,  p.188— 
190,  282—283,  381— 383,  437— 438.) 

Findings  of  the  investigators  of  electrolysis  in  underground  metallic 
structures  in  Chicago.  1911.  (In  Engineering  and  contracting,  v.36, 
p.643 — 644.) 

Friederich,  G. 

Der  schutz  eiserner  rohre  gegen  die  einwirkung  elektrolytischer 
vorgaenge  unter  besonderer  beruecksichtigung  des  einflusses  der 
vagabundierenden  stroeme.  1912.  (In  Die  roehren-industrie,  v.5, 
April  20,  p.l — 3.) 

Ganz,  Albert  F. 

Electrolysis  from  stray  electric  currents.  1912.  (In  Proceedings 
of  the  American  Water  Works  Association,  v.32,  p.159— 202.) 

The  same ,  condensed.  1912.  (In  Engineering  record,  v.65,  p.659 — 
661.) 

The  same,  condensed.  1912.  (In  Municipal  engineering,  v.43,  p.75 
—79.) 

Ganz,  Albert  F. 

Electrolysis  from  stray  electric  currents.  1913.  (In  Canadian 
engineer,  v.24,  p.521—524,  553—556,  585—588.  617— 622.) 

Paper  before  New  England  Association  of  Gas  Engineers. 

Ganz,  Albert  F. 

Electrolytic  corrosion  of  iron  by  direct  current  in  street  soil. 
1912.  (In  Transactions  of  the  American  Institute  of  Electrical  En¬ 
gineers,  v.31,  pt.2,  p.1001 — 1010.) 

Ganz,  Albert  F. 

Notes  on  protection  of  underground  pipes  from  electrolysis. 
1909.  (In  Proceedings  of  the  American  Gas  Institute,  v.4,  p.45— 77.) 

The  same,  condensed.  1909.  (In  Engineering  record,  v.60,  p  582— 
583.) 

Considers  protection  afforded  by  insulation. 

Gross,  I.  W. 

Railway  electrolysis  and  methods  of  treatment.  1914.  (In  Elec¬ 
tric  railway  journal,  v.44,  p.423 — 426.) 

Haber,  F.  &  Krassa,  P. 

Weitere  beitraege  zur  kenntnis  des  eisenangritfes  in  der  erde  durch 
vagabundierende  gleichstroeme  von  strassenbahnen.  1909.  (In  Zeit- 
schrift  fuer  elektrochemie.  v.15.  p.705— 712.) 


206  PROCEEDINGS  ENGINEERS'  SOCIETY,  WESTERN  PENNA. 

Harper  Robert  B. 

Comparative  values  of  various  coatings  and  coverings  for  the 
prevention  of  soil  and  electrolytic  corrosion  of  iron  pipe.  1909.  (In 
American  gas  light  journal,  v.91,  p.429 — 431,  475 — 479,  528 — 534,  575 
—579,  625—629,  667— 675.) 

Hayden,  J.  L.  R. 

Electrolytic  corrosion  of  iron  by  direct  current.  1911.  (In  Jour¬ 
nal  of  the  Franklin  Institute,  v.172,  p.295 — 308.) 

Herdt,  Louis  A. 

Electrolysis  of  Winnipeg  water  mains.  1909.  (In  Canadian  en¬ 
gineer,  v.17,  p.197 — 199.) 

Knudson,  A.  A. 

Corrosion  of  metals  underground  by  electrolysi-s.  1909.  (In 
Journal  of  the  Franklin  Institute,  v.168,  p.132 — 152.) 

Knudson,  A.  A. 

Lead-covered  cables  a  cause  of  electrolysis  upon  water  and  gas 
pipes.  1909.  (In  Journal  of  the  New  England  Water  Works  Asso¬ 
ciation,  v.23,  p.164 — 179.) 

Lanpher,  E.  E.  &  Smith,  L.  B. 

Electrolysis  of  water  system  underground  structures  in  Pitts¬ 
burgh.  1911.  (In  Proceedings  of  the  Engineers’  Society  of  Western 
Pennsylvania,  v.27,  p.235 — 286.) 

Moore,  B.  H. 

Electrolysis  of  iron  pipe;  some  further  suggestions  on  possible 
preventives  of  electrolytic  action  on  pipe.  1909.  (In  Ice  and  refrig¬ 
eration,  v.37,  p.181.) 

Ordinance  to  prevent  electrolysis  of  water  and  gas  pipes  at  Rich¬ 
mond,  Va.  1896.  (In  Engineering  news,  v.35,  p.133.) 

Richmond,  J.  Stanley. 

Grounded  electric  transmission  and  electrolytic  corrosion.  69  p. 
1909. 

Rosa,  E.  B.  &  McCollum,  Burton. 

Special  studies  in  electrolysis  mitigation.  1.  A  preliminary  study 
of  conditions  in  Springfield  [Ohio],  with  recommendations  for  miti¬ 
gation.  55  p.  1913.  (LLiited  States  Bureau  of  Standards,  Techno¬ 
logic  paper,  No.  27.) 

Rosa,  E.  B.  &  others. 

Special  studies  in  electrolysis  mitigation.  2.  Electrolysis  from 
electric  railway  currents,  and  its  prevention;  an  experimental  test  on 
a  system  of  insulated  negative  feeders  in  St.  Louis.  34  p.  1914. 
(LTnited  States  Bureau  of  Standards,  Technologic  paper,  No.  32.) 


BIBLIOGRAPHY  OF  METAL  CORROSION  AND  PROTECTION  207 


Sicbel,  F.  P. 

Electrolysis  of  iron  pipe;  the  pitting  of  iron,  particularly  pipe,  its 
causes  and  possible  preventives.  1909.  (In  Ice  and  refrigeration,  v. 
37,  p.116—119.) 

Townsend,  Henry  C. 

Legal  aspects  of  electrolysis.  1895.  (In  Cassier’s  magazine,  v.7, 
p.457 — 463.) 


Corrosion  by  Salt  Water 

Decay  of  metallic  sheathing  under  water.  1907.  (In  Engineer,  Lon¬ 
don,  v.103,  p.559.) 

Ellis,  Somers  Howe. 

Corrosion  of  steel  wharves  at  Kowloon  [Hong  Kong].  1914.  (In 
Iron  and  coal  trades  review,  v.89,  p.700.) 

Corrosion  as  result  of  death  and  decay  of  attached  shellfish  or  bar¬ 
nacles,  with  evolution  of  sulphuretted  hydrogen. 

Friend,  John  Albert  Newton  &  Brown,  J.  H. 

Action  of  salt  solutions  and  of  sea-water  on  iron  at  various  tem¬ 
peratures.  1911.  (In  Journal  of  the  Chemical  Society,  v.99,  pt.  1,  'p. 
1302— 1306.) 

Jones,  W.  A. 

Protection  of  submarine  structures.  1910.  (In  Engineering  maga¬ 
zine,  v.38,  p.876 — 882.) 

Muntz,  Gerard  A. 

Decay  of  metallic  sheathing  under  water.  1907.  (In  Engineer. 
London,  v.103,  p.598.) 

Letter. 

Ramsay,  William. 

Corrosion  of  bronze  propeller-blades.  1912.  (In  Engineering, 
London,  v.93,  p.687 — 690.) 

Corrosion  by  Vapors  and  Gases 

American  Railway  Engineering  Association. 

Methods  of  protection  of  iron  and  steel  structures  against  corro¬ 
sion.  1914.  (In  Proceedings  of  the  fifteenth  annual  convention  of 
the  American  Railway  Engineering  Association,  p.412 — 434.) 

The  same,  condensed.  1914.  (In  Engineering  news,  v.72,  p.255 — 
256.) 

Carpenter,  A.  W  . 

Some  tests  on  the  rate  of  corrosion  of  metals  exposed  to  loco¬ 
motive  gases.  1911.  (In  Proceedings  of  the  American  Society  for 
Testing  Materials,  v.ll,  p.622 — 627.) 


208 


PROCEEDINGS  ENGINEERS’  SOCIETY,  WESTERN  PENNA. 


Carpenter,  A.  W. 

Tests  on  the  rate  of  corrosion  of  metals.  1913.  (In  Proceedings 
of  the  American  Society  for  Testing  Materials,  v.13,  p.617 — 624.) 
Plates  were  exposed  to  attack  of  locomotive  gases. 

Mellon  Institute  of  Industrial  Research  and  School  of  Specific  Indus¬ 
tries. 

Papers  on  the  effect  of  smoke  on  building  materials.  58  p.  1913. 
(Smoke  investigation,  bulletin  No.  6.) 

Contains  the  following  papers,  among  others: 

Chemistry  of  soot,  and  the  corrosive  products  of  combustion,  by 
R.  C.  Benner. 

Effect  of  smoke  on  paint  coatings,  by  K.  K.  Stevens. 

Effect  of  smoke  on  metals,  by  R.  C.  Benner. 

Rail-wear  and  corrosion  in  the  Simplon  tunnel.  1912.  (In  Engineer¬ 
ing  news,  v.68,  p.6 4 — 65.) 

Rapid  deterioration  of  steel  work  from  the  corrosive  action  of  loco¬ 
motive  gas,  McCallie  Avenue  bridge,  Chattanooga,  Tennessee.  1910. 
(In  Engineering  news,  v.63,  p.65 — 66.) 

Rideal,  S. 

Effects  of  town  air  on  metal  work.  1912.  (In  Papers  read  at  the 
Smoke  Abatement  Conferences,  March,  1912,  p.15 — 20.) 

Saline  corrosion  of  retorts.  1913.  (In  American  gas  light  journal,  v. 
99,  p.247.) 

Note  on  corrosion  from  sodium  chlorid  in  coal. 


Boiler  and  Condenser-tube  Corrosion 

Bate,  E. 

Notes  on  the  corrosion  of  condenser  tubes.  1914.  (In  General 
electric  review,  v.17,  p.882 — 890.) 

Condenser-tube  corrosion.  1913.  (In  Power,  v.38,  p.531 — 533.) 

Summary  of  report  of  committee  of  the  Association  of  Edison  Illum¬ 
inating  Companies. 

Corrosion  of  condenser  tubes.  1909.  (In  Mechanical  engineer,  v.  24, 
p.504 — oOo. 

Davies,  Francis  H. 

Deterioration  of  steam  boilers.  1910.  (In  Practical  engineer, 
London,  v.41,  p.238 — 239.) 

Edge,  Walter  C. 

Corrosion  of  steam  boilers.  1911.  (In  Power,  v.33,  p.910 — 911.) 
Holt,  G.  Newton. 

Incrustation  and  corrosion  in  boilers.  1911.  (In  Boilermaker,  v. 
11,  p.197—198.) 

From  “Southern  engineer.” 


BIBLIOGRAPHY  OF  METAL  CORROSION  AND  PROTECTION  209 


Lyon,  Frank. 

Corrosion  of  boilers  and  of  piping  on  shipboard.  1912.  (In  Jour¬ 
nal  of  the  American  Society  of  Naval  Engineers,  v.24,  p.845— 872.) 

I  he  same.  1912.  (In  Mechanical  engineer,  v.30,  p.750 — 753.) 

Nelson,  C.  C. 

Causes  of  deterioration  in  boilers,  and  measures  tending  to  pre¬ 
vent  or  remedy  them.  1911.  (In  Mechanical  engineer,  v.27  pll2— 
114.) 

Paper  before  the  Institute  of  Marine  Engineers. 

Philip,  Arnold. 

Contributions  to  the  history  of  corrosion.  Part  1.  The  corro¬ 
sion  of  condenser  tubes  by  contact  with  electro-negative  substances. 
1912.  (In  Journal  of  the  Institute  of  Metals,  v.7,  p.50 — 69.) 

The  same ,  abstract.  1912.  (In  Metallurgical  and  chemical  engineer¬ 
ing,  v.10,  p.224.) 

Philip,  Arnold. 

Contributions  to  the  history  of  corrosion.  Part  2.  The  corrosion 
of  distilling  condenser  tubes.  1913.  (In  Journal  of  the  Institute  of 
Metals,  v.9,  p.61 — 78.) 

The  same.  1913.  (In  Ironmonger,  v.142,  p.528—529.) 

Scale,  pitting  and  corrosion  in  steam  boilers;  their  cause,  effect  and 
remedy.  1913.  (In  Iron  and  coal  trades  review,  v.86,  p.768— 769.) 

Stromeyer,  C.  E. 

Corrosion  problems  in  boiler  practice.  1912.  (In  Industrial 
world,  v.91,  p.v-vii.) 

Report  to  Manchester  (Eng.)  Steam  Users’  Association. 

Pipe  Corrosion 

American  Society  of  Heating  and  \  entilating  Engineers. 

Report  of  committee  on  relative  corrosion  of  wrought  iron  and 
steel  pipes.  1910.  (In  Transactions  of  the  American  Society  of 
Heating  and  Ventilating  Engineers,  v.16,  p.179—184.) 
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main;  joint  report  of  Sir  Alexander  Binnie,  Son  &  Deacon;  Sir  Wil¬ 
liam  Ramsay  and  Otto  Hehner.  11  p.  1909. 
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nual  report,  p.287 — 310.) 
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Speller,  F.  N. 

Durability  of  welded  pipe  in  service.  1911.  (In  Transactions  of 
the  American  Society  of  Heating  and  \  entilating  Engineers  v  17 
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Corrosion  of  industrial  ironwork.  1910.  (In  Journal  of  the  Society 
of  Chemical  Industry,  v.29,  pt.l,  p.657 — 659.) 
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Heym,  W. 

Elektrolytische  zersetzungserscheinungen  bei  betonbauten.  1911. 
(In  Elektrochemische  zeitschrift,  v.18,  p.215 — 218.  249 _ 250.) 

Magnusson,  C.  Edward  &  Smith,  G.  H. 

Electrolytic  corrosion  in  reinforced  concrete.  1911.  (In  Trans¬ 
actions  of  the  American  Institute  of  Electrical  Engineers  v  30  nt  2 
p.939— 963.)  ’  ‘  '  *  '  ’ 

"Bibliography,”  p.  963. 
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Patrick,  Walter  A.  &  Walker,  William  H. 

Method  for  testing  galvanized  iron  to  replace 
1911.  (In  Journal  of  industrial  and  engineering 
239—242.) 

Basic  lead  acetate  method  described. 


the  Preece  test, 
chemistry,  v.3,  p. 
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ADDRESS 


Bv  James  A.  Farrell* 

Toastmaster  and  Gentlemen'.  It  has  been  a  source 
of  regret  to  me  for  several  years  that  circumstances  of  one 
sort,  or  engagements  of  another,  prevented  my  accepting  an  in¬ 
vitation  to  address  the  Engineers’  Society  of  W  estern  Pennsyl¬ 
vania.  But  recently  I  had  occasion  to  congratulate  our  friend, 
Doctor  Brashear,  or  rather  to  congratulate  the  American  Societv 
of  Mechanical  Engineers,  upon  his  elevation  to  the  presidencv  of 
that  influential  organization.  His  reply  was  to  hand  me  what  is 
termed  in  some  circles  as  a  “live  wire”  in  the  form  of  an  invi¬ 
tation  to  address  this  body,  and,  since  business  engagements  per¬ 
mitted,  I  was  willingly  short-circuited. 

It  is  a  privilege  to  meet  the  members  of  your  Societv,  many 
of  whom  I  know  personally.  Your  progressive  spirit  and  interest 
in  problems  affecting  manufacturing  and  business  is  evidenced  bv 
the  presence  here  of  such  a  large  assemblage. 

I  fear  that  nearly  every  subject  of  a  fundamental  character 
has  had  so  much  clarification  and  illumination  of  late  that  it 
will  probably  be  well  for  me  to  confine  my  remarks  to  matters 
affecting  foreign  and  domestic  commerce  and  business  generally, 
and  I  will  not  elaborate  on  the  phases  of  politics  and  economics. 
Up  to  within  a  few  weeks  ago,  it  seemed  as  if  the  prospects  of  a 
material  improvement  in  business  were  doubtful ;  but,  apparently, 
the  tide  has  turned  and  each  day  records  a  marked  improvement 
in  the  general  situation.  It  seems  to  me  that  the  time  has  come 
when  co-operation  should  manifest  itself  among  business  men, 
to  bring  about  conditions  which  will  result  in  a  larger  employ¬ 
ment  of  labor. 

As  business  men,  let  us  give  our  attention  to  solving  indus¬ 
trial  unrest  by  creating  work,  by  toiling  and  spinning,  and  creat¬ 
ing  a  normal  circulation  in  the  arteries  of  commerce.  The  prob¬ 
lems  of  capital  and  the  problems  ot  labor  have  an  intimate  rela- 
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tion ;  both  need  employment.  In  my  judgment,  a  campaign  for 
the  constructive  upbuilding  of  the  business  of  our  country  on  a 
scale  commensurate  with  modern  needs  and  opportunities  should 
be  inaugurated.  Our  problems  are  national,  our  opportunities  are 
national ;  let  us  hear  more  of  national  common  sense,  and  see 
if  we  cannot  get  back  to  work.  Public  sentiment  and  govern¬ 
mental  inclination  unmistakably  favor  a  live  and  let  live  attitude 
towards  business. 

The  era  of  intensive  domestic  growth,  in  which  this  country 
has  played  so  great  a  part,  has  carried  us  into  another  era  of 
world  commerce,  and  it  is  a  favorable  augury  of  the  development 
of  foreign  trade  that  American  products  are  now  to  be  found 
in  many  markets  of  the  world. 

Whatever  may  be  the  political  outcome  of  the  European 
war,  changes  of  territorial  lines,  or  colonial  domination,  it  is  ap¬ 
parent  that  each  of  the  countries  now  engaged  will  find  it  neces¬ 
sary  to  vigorously  pursue  its  foreign  trade  to  repair  the  ravages 
of  its  domestic  commerce,  and  it  is  of  vital  consequence  to  Amer¬ 
ica’s  future  position  that  advantage  be  taken  of  the  present  op¬ 
portunity  to  exploit  the  products  of  American  invention,  enter¬ 
prise  and  quality,  and  to  establish  a  firm  foothold  in  foreign 
markets. 

There  is  no  question  of  greater  importance  to  the  welfare  of 
American  industrial  enterprise  and  labor  than  stimulation  of 
commerce  abroad,  since  extensive  over-sea  trade  tends,  under 
normal  conditions,  to  stabilize  domestic  industry  by  insuring  to 
manufacturers  and  producers  a  wider  sphere  of  activity. 

The  European  war  should  teach  the  United  States  one  les¬ 
son,  namely,  national  unity.  The  moment  a  crisis  arose,  all  inter¬ 
nal  differences  were  dropped  in  each  country.  The  people  rallied 
loyally  in  support  of  one  common  end. 

This  country  has  reached  a  crucial  stage  in  its  history.  It 
can  attain  the  largest  success  only  by  government  and  people 
working  with  loyalty,  zeal  and  courage  in  a  constructive  and 
national  sense. 

Europe  has  given  us  almost  unexampled  demonstrations  of 
courage.  Hers  has  been  the  courage  of  the  battlefield.  True, 
it  presents  a  somber  picture,  strangely  in  contrast  with  the  con¬ 
ditions  which  underlie  the  life  of  our  country.  Let  ours  be  the 
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courage,  not  of  destruction,  but  of  construction.  European  na¬ 
tions  seek  the  conquest  of  foreign  peoples.  We  are  concerned 
with  the  development  of  a  greater  and  more  prosperous  future 
for  American  commerce,  and  there  should  be  a  realization  of  the 
fact  and  co-operation  for  the  common  end. 

I  he  victories  of  peace  are  not  less  to  be  desired  than  the 
victories  of  war.  Shall  it  be  said,  shall  it  be  found,  that  this 
great  Republic,  in  this,  its  hour  of  commercial  test  and  trial,  was 
found  wanting;  that  pettiness  and  jealousies  prevented  it  from 
rising  patriotically  and  unitedly  to  the  full  measure  of  its  op¬ 
portunities  ? 

I  here  is  a  strong  sentiment  for  co-ordinated  effort  in  the 
trade  activities ;  confidence  in  the  business  future  of  the  country 
is  growing.  Our  internal  conditions  are  better  than  they  have 
been  for  a  long  time,  and,  due  to  easier  financial  circumstances 
and  an  export  movement  of  unexampled  volume  in  foodstuffs 
and  other  commodities,  a  balance  of  trade  is  piling  up  which  will 
place  the  business  of  the  country  upon  firm  foundations. 

Our  foreign  trade  balance  for  January  will,  incomplete  of¬ 
ficial  returns  show,  approximate  $150  000  000,  a  figure  never  be¬ 
fore  approached  by  any  month  in  our  history.  Eminent  authori¬ 
ties,  both  American  and  European,  have  calculated  that  our  ex¬ 
cess  of  exports  over  imports  in  1915  may  easily  reach  one  billion 
dollars.  The  balance  for  the  opening  month  of  the  year  is  at  the 
rate  of  over  one  and  a  half  billions  per  annum.  The  years  of  great¬ 
est  prosperity  in  the  United  States  have  been  when  the  balances 
^  ere  largely  in  our  favor.  I  he  exchanges  of  the  world  today 
stand  in  our  favor.  We  are  the  only  nation  at  the  present  time  in 
a  position  to  assume  the  role  of  the  world’s  banker.  We  have 
already  supplied  upwards  of  S100  000  000  to  other  countries  and 
our  bankers  have  applications,  I  understand,  for  several  times 
that  sum.  We  are  furnishing  Canada  with  capital;  we  have 
made  a  beginning  in  extending  investment  to  South  and  Central 
America ;  branches  of  American  banks  are  being  opened  up  in 
the  leading  Latin-American  countries,  and  this  movement  is  only 
in  its  infancy. 

A  new  banking  and  currency  system  has  been  established 
j  which  will  greatly  facilitate  the  extension  of  our  financial  rami¬ 
fications  abroad,  as  well  as  at  home.  American  dollars  will  be 
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spent  in  America  this  summer  as  never  before,  for  few  Ameri¬ 
cans  will  elect  to  seek  their  holiday  pleasures  in  war-ridden 
Europe.  Other  items  in  our  annual  bill  to  Europe  will  be  radi¬ 
cally  reduced,  such  as  remittances  made  by  aliens,  money  sent 
from  this  country  to  wealthy  Americans  who  formerly  lived  most 
of  the  year  abroad,  etc. 

“Dollar  exchange”  is  today  nearer  a  reality  than  ever.  The 
outlook,  indeed,  for  raising  New  York  to  first  place  among  the 
financial  centers  of  the  world  is  declared  by  able  bankers  to  be 
now  something  substantially  more  tangible  than  a  dream.  New 
York  banking  institutions  record  a  surplus  reserve  of  no  less  than 
$144  000  000.  Money  is  plentiful,  and  low  rates  obtain.  The 
Pennsylvania  Railroad  offered  an  issue  of  $49  000  000  of  bonds, 
and  subscriptions  for  it  approximated  $250  000  000,  an  incident 
full  of  encouragement  to  the  railroad  world.  The  $29  000  000 
of  St.  Paul  bonds  recently  offered  to  stockholders  are  selling  at 
a  premium. 

The  cotton  loan  fund  of  $135  000  000  was  provided  by  bank¬ 
ers,  only  a  few  thousand  dollars  were  applied  for.  Cotton  has 
recovered  in  price  from  6*4  cents  in  October  to  fully  8^4  cents 
per  pound  today,  and  exports  are  going  forward  at  a  greatly 
increased  rate,  shipments  to  date  exceeding  4  000  000  bales,  or 
two-thirds  of  the  corresponding  total  of  a  year  ago. 

The  United  States  is  today  the  chief  granery  of  Europe.  The 
prices  received  should  insure  for  our  farming  population  an  un¬ 
precedented  measure  of  prosperity,  and  it  has  come  to  be  an 
American  axiom  that  when  our  farmers  are  prosperous  the  whole 
country  prospers. 

The  steel  trade  is  improving  and  the  outlook  is  encouraging. 
The  lumber  industry  is  likewise.  Large  orders  from  belligerents 
and  neutrals  in  Europe  are  keeping  various  lines  of  industry 
quite  busy.  Building  has  been  quiet,  but  investors  are  coming 
to  realize  that  money  can  be  saved  by  starting  operations  now, 
material  being  available  at  unusually  attractive  prices.  There  is 
evidence  of  increasing  merchandise  traffic  on  the  railroads,  of 
opportunity  to  earn  more  money,  to  establish  credit  and  make 
expenditure  for  materials  and  equipment,  which  means  activity 
in  manufacturing  lines  dependent  upon  railroads  for  orders. 
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The  Inter-State  Commerce  Commission’s  decision  in  the 
Eastern  Freight  Kate  Case  has  raised  the  drooping  spirits  of 
the  railroads,  as  has  been  tangibly  reflected  by  increased  orders 
for  material,  and,  where  the  voters  have  been  directly  appealed 
to  on  anti-railroad  legislative  measures,  the  verdict  has  been  em¬ 
phatically  in  favor  of  fair  play  for  the  companies,  the  common 
sense  of  the  people  telling  them  that  any  unnecessary  crippling 
of  the  transportation  companies  means  poorer  service,  and  ulti¬ 
mately  more  expense  to  the  public. 

There  is  less  clamor  for  indiscriminate  governmental  suits 
against  corporations,  and  we  may  reasonably  hope  that  honestly 
conducted  enterprises  will  hereafter  be  allowed  to  carry  on  their 
legitimate  functions  without  fear  of  political  or  legal  harassment. 

Business  is  today  conducted  throughout  the  United  States 
on  an  ethical  plane  not  excelled  by  any  nation,  as  those  who  have 
had  experience  in  the  foreign  trade  fields  have  reason  to  know. 

Our  1915  grain  acreage  promises  to  exceed  all  previous  rec¬ 
ords,  and,  whether  peace  be  declared  or  not  in  the  near  future 
(let  us  pray  that  it  will),  prices  of  exportable  foodstuffs  cannot 
fail  to  remain  on  a  level  remunerative  to  our  farmers. 

It  is  not  imprudent  to  predict  that  our  total  farm  values  for 
the  current  year,  for  the  first  time  in  the  annals  of  this  or  any 
other  country,  will  pass  the  ten  billion  dollar  mark.  The  science 
of  agriculture  has  attained  a  degree  of  perfection  never  before 
known.  A  nation-wide  system  of  credit  for  farmers  is  under  re¬ 
sponsible  consideration,  and  it  should  be  possible  to  establish  a 
really  helpful  system  without  undue  delay. 


Finally,  the  United  States  is  friendly  with  all  the  world;  the 
nations  at  peace  as  well  as  those  at  war. 

In  considering  the  value  of  anything  I  have  said  tonight,  it 
is  well  to  bear  in  mind  that  the  business  of  the  United  States 
has  been  passing  through  a  severe  crisis,  and  you  may,  perhaps, 
during  the  course  of  my  remarks,  have  drawn  an  inference  that 
I  have  faith  in  more  prosperous  conditions  during  1915.  Speak¬ 
ing  of  inference  reminds  me  of  an  anecdote  of  an  old  beadle,  as 
they  are  called  in  Scotland,  who  was  attached  to  a  Scottish 
church,  and  who  had  been  in  the  habit  for  many  years  of  listen¬ 
ing  to  argumentive  discourses,  which,  according  to  the  old  cus¬ 
tom,  the  Scottish  clergy  used  to  deliver.  The  minister  asked  the 
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old  beadle,  “John,  mon,”  said  he,  “John,  mon,  don’t  you  think, 
after  hearing  my  discourse  today,  that  you  could  noo  preach  a 
sermon  yourself  ?”  To  this  the  old  man  replied,  “Weel,  minister, 
I  winna  say  that  I  cood  just  like  preach  a  sermon,  but  I  think  I 
can  draw  an  inference.” 

Now,  perhaps  you  can  draw  an  inference.  At  any  rate,  I 
feel  safe  in  saying  that,  if  you  will  all  strain  a  point  just  now 
and  trade  a  little  more  with  each  other  and  talk  encouragingly  as 
to  conditions,  rather  than  pessimistically,  the  business  of  the 
country  will  take  on  a  momentum  which  will  carry  us  into  better 
times,  and,  what  is-  more  important,  create  more  employment  for 
labor  which  has  borne  its  share  of  the  burden  in  the  depression. 
Our  best  efforts  should  be  put  forth  to  stimulate  activity  in 
business  and  do  everything  practicable  to  increase  the  number 
of  working  people,  not  only  in  the  industries  in  this  community, 
but  throughout  the  whole  country. 

The  elements  of  prosperity  are  at  hand;  the  developments 
from  day  to  day  are  favorable;  conditions  which  have  favored 
buyers  are  turning  in  favor  of  sellers.  The  steel  trade  has  been 
called  the  barometer  of  business,  and  there  is  a  marked  increase 
in  orders  and  in  operations ;  more  men  are  obtaining  employment 
and  the  trade  movement  is  progressive  and  encouraging,  and  we 
should  do  everything  practicable  to  sustain  and  advance  it. 
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By  \Y.  F.  M.  Goss* 

A  few  generations  ago  all  this  region  of  country  was  covered 
with  the  verdure  of  forest  and  plain,  interspersed  here  and  there 
by  water.  Lxcept  when  great  forest  tires  swept  over  the  land, 
there  was  no  smoke,  and  other  sources  of  atmospheric  pollution 
were  negligible  in  their  effect.  The  air  was  pure. 

\\  ith  the  coining  of  civilization,  new  conditions  arose.  For¬ 
ests  were  cleared,  the  furrows  of  the  pioneer  turned  the  grassv 
sod  down  and  the  earthy  clods  up.  Sources  of  dust  appeared. 
Geographical  and  topographical  conditions,  and  the  distribution 
of  natural  resources,  tended  to  concentrate  population.  The 
fires  of  industry  began  to  burn.  Villages  became  cities,  and 
cities  thus  established  have  since  developed  into  great  centers 
of  population,  presenting  physical  characteristics  not  before 
known. 

The  process  by  which  the  modern  city  has  been  developed 
has  been  marked  at  every  step  by  new  applications  of  mechan¬ 
ical  power.  These  have  been  sustained  by  the  consumption  of 
larger  amounts  of  fuel.  The  city  homes  and  offices  have  grad¬ 
ually  assumed  more  liberal  proportions  and  fuel  consumed  in 
heating  has  increased  more  rapidly  than  the  population.  The 
railroads  of  the  city,  reaching  out  into  the  country,  and  to  other 
cities,  have  required  for  their  operation  an  ever-increasing 
amount  of  fuel ;  the  city’s  street  traffic  has  involved  new  pro¬ 
cedures  in  transportation,  which  have  stimulated  the  consump¬ 
tion  of  fuel ;  public  service  of  the  city,  and  the  service  of  its 
lofty  buildings,  have  created  great  fuel-consuming  industries; 
and  each  new  manufacturing  industry  has  represented  demands 
which  have  been  satisfied  through  an  increase  in  the  city’s  con¬ 
sumption  of  fuel.  Wherever  people  seek  to  congregate,  in  the 
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midst  of  them  making  possible  the  maintenance  of  the  communi¬ 
ty,  will  be  found  active  centers  of  fuel  consumption,  and  as  the 
people  increase  in  number  and  extend  their  activities,  fuel  con¬ 
sumption  inevitably  increases.  The  coal  consuming  capacity  of 
the  modern  city  has  reached  enormous  proportions.  Chicago 
burns  more  than  18  000  000  tons  of  coal  a  year  within  its 
city  limits,  a  greater  amount  than  the  annual  production  of  the 
whole  country  immediately  following  the  Civil  War.  Its  annual 
per  capita  consumption  has  arisen  to  more  than  eight  tons,  and 
over  considerable  portions  of  the  city,  its  annual  consumption 
exceeds  350  000  tons  per  square  mile.  It  is  not  that  my  neigh¬ 
bors  here  and  there  consume  coal,  everybody  requires  it;  it  is 
not  that  coal  is  burned  in  this  locality  or  that,  it  is  burned  every¬ 
where  in  the  city ;  it  is  not  that  its  use  is  required  by  a  few  in¬ 
dustries,  all  the  activities  of  the  city  require  it.  The  city’s 
existence  is  predicated  on  the  consumption  of  fuel.  Moreover, 
the  end  is  not  yet.  It  is  highly  probable  that  the  further  develop¬ 
ment,  even  of  our  great  cities,  will  be  attended  by  a  gradual  but 
continuous  per  capita  increase  in  fuel  consumption,  and  conse¬ 
quently  that  the  municipal  problems  which  are  the  outgrowth  of 
fuel  consumption  are  not  likely  to  diminish  in  importance  as 
time  goes  on. 

Wherever  coal  is  burned,  certain  manifestations,  usually 
designated  by  the  familiar,  though  little  understood,  term  of 
“smoke”  appears.  In  primitive  days,  the  smoke  of  the  camp  was 
easily  disposed  of.  The  smoke  of  the  thriving  town  or  of  the 
little  city  was  more  in  evidence,  while  that  of  the  large  and  in¬ 
dustrially  active  city,  presents  manifestations  with  which  all 
are  familiar.  The  effects  of  smoke  are,  in  fact,  to  be  assumed 
as  among  the  consequences  of  city  life.  We  cannot  at  once  be 
freed  from  them  without  also  sacrificing  the  life.  The  great 
cities  the  world  over  are  more  or  less  smoky. 

A  fact  generally  unrecognized  is  to  the  effect  that  blame 
for  city  smoke  cannot  always,  or  to  any  large  extent,  ever  be 
individualized.  It  is  true  that  smoke  in  unreasonable  amounts 
may  arise  from  individual  chimneys,  and  that  the  owners  of  the 
offending  chimneys  may  be  made  to  abate  somewhat  the  mani¬ 
festation,  and  it  is  true,  also,  that  in  abating  such  particularly 
offensive  sources  some  little  relief  may  be  secured,  but  in  a  large 
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way  the  smoke  of  the  modern  city  is  a  product  of  the  whole  city. 
It  arises  from  a  multitude  of  domestic  lires,  from  thousands  of 
furnaces  under  steam  boilers,  from  tires  of  manufacturing  in¬ 
dustries,  from  the  stacks  of  hundreds  of  steam  locomotives,  and, 
in  some  cities,  from  the  funnels  of  many  boats.  He  who  with 
unprejudiced  view  will  look  out  over  the  modern  city  and  con¬ 
sider  the  number  of  sources  of  smoke,  and  who  seeks  to  know 
the  character  of  the  discharges  arising  therefrom,  will  soon  dis¬ 
cover  that  no  individual  consumer  and  that  no  single  fuel  con¬ 
suming  service  can  be  set  off  as  responsible  for  conditions  of 
which  he  may  complain.  He  will  come  to  understand  that  prog¬ 
ress  in  smoke  abatement  is  not  to  be  expected  as  a  result  of 
emotional  dissertations,  or  from  attempts  to  fix  blame,  but  from 
a  broader  appreciation  of  the  nature  of  the  problem  and  a  better 
understanding  of  certain  fundamental  facts. 

This  leads  me  to  observe  that  we  really  know  very  little 
about  smoke,  and  much  less  concerning  means  whereby  it  may 
be  suppressed.  Most  large  cities  now  have  a  smoke  department, 
which  is  charged  with  the  responsibility  either  of  studying  this 
problem  or  of  exercising  police  power  in  securing  a  reduction 
in  the  amount  of  smoke  discharged.  As  a  matter  of  fact,  how¬ 
ever,  all  existing  ordinances  designed  to  abate  smoke  are  limited 
to  a  consideration  of  a  single  property  of  smoke,  namely,  its 
visibility.  “Black  smoke,”  or  “dense  brown  smoke,”  or  “dense 
smoke”  are  among  the  things  which  are  prohibited.  Notwith¬ 
standing  the  limitations  of  this  conception,  obedience  to  it  has 
in  recent  }  ears  permitted  great  progress  to  be  made  in  reducing 
the  amount  of  pollution  entering  the  atmosphere.  But  the  con¬ 
ception  is  imperfect,  and  any  procedure  based  thereon  will  fail 
to  give  the  full  measure  of  relief  desired. 

An  important  constituent  of  smoke,  more  important  than 
that  which  is  measured  by  its  visibility,  is  to  be  found  in  its 
solid  constituents.  It  is  a  popular  belief  that  only  locomotives 
discharge  solid  particles  in  smoke,  but  the  fact  is  that  all  fuel- 
I  consurning  services  discharging  through  open  chimneys  or  stacks 
are  sources'  from  which  solid  materials  enter  the  atmosphere. 
Domestic  fires,  fires  under  steam  boilers,  metallurgical  fires,  and 
locomotive  fires,  all  make  their  contributions  to  the  sum  total  of 
atmospheric  dust  and  dirt  which  have  their  origin  in  smoke.  No 
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relation  has  thus  far  been  established  between  visible  and  solid 
constituents  in  smoke.  The  use  of  so-called  smokeless  fuels, 
such  as  anthracite  coal  or  coke,  while  making  smoke  discharges 
invisible,  does  not  suffice  to  eliminate  the  solid  discharges.  Oil 
may  be  burned  under  conditions  which  permit  the  stack  dis¬ 
charges  to  be  invisible,  but  its  smoke  may  not  be  free  of  solid 
particles.  Industrial  fires  may  deliver  smoke  which  is  charged 
not  only  with  solids  from  their  fuels,  but  also  with  dust  arising 
from  the  materials  treated.  Brick  kilns  may  discharge  clay  with 
the  smoke,  and  metallurgical  furnaces,  metallic  substances.  While 
we  have  not  hitherto  generally  recognized  it,  the  fact  seems  to 
he  that  solids  are  the  constant  attendants  of  smoke.  They  never 
fail  to  appear  in  the  discharge  of  open  chimneys. 

Solid  constituents  are,  all  things  considered,  the  most  objec¬ 
tionable  properties  of  smoke.  So  far  as  these  have  their  origin 
in  fuel,  they  vary  greatly  in  character.  The  solids  arising  from 
fires  of  all  services  contain  more  or  less  ash.  The  solids  from 
bituminous  fires  of  low  temperature,  such  as  are  commonly  used 
in  domestic  heating,  are  generally  rich  in  coal  distillates,  which 
chiefly  manifest  themselves  in  the  form  of  soot.  Solid  constitu¬ 
ents  from  fires  of  higher  temperature,  such  as  those  under  steam 
boilers  and  such  as  are  sustained  in  locomotive  service,  contain 
proportionately  less  soot  and  more  fuel  particles. 

Solid  discharges  in  smoke  are  well  distributed  over  the 
modern  city.  In  the  congested  loop  district  of  the  city  of  Chicago 
there  are  from  four  to  six  large  power  stacks  in  every  block,  and  a 
very  much  greater  number  of  chimney  flues  of  less  importance. 
After  passing  into  the  atmosphere,  the  solid  constituents  of 
smoke  are  subject  to  the  varying  conditions  which  there  prevail. 
The  heavier  particles  may  quickly  settle,  while  those  which  are 
lighter  may  ascend  in  the  stream  of  heated  gases  with  which  they 
are  discharged,  to  considerable  heights,  and  be  borne  by  the  wind 
over  large  areas.  Ultimately,  all  find  their  way  to  the  ground.  It 
happens,  therefore,  that  the  modern  city  is  more  or  less  sub¬ 
merged  in  a  constant  shower  of  solid  constituents  of  smoke,  the 
maintenance  of  which  may  be  unattended  by  smoke  clouds  that 
obscure  or  darken  the  sky.  Material  thus  showered  upon  the  city 
collects  in  sheltered  corners  on  roofs.  It  falls  in  streets  and  on 
sidewalks.  Traffic  pulverizes  it.  Much  of  it  is  caught  up  again 
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Oil  the  wind,  and,  re-entering  the  atmosphere,  begins  a  new 
career,  during  which  it  alternately  floats  in  the  air  and  rests  in 
sheltered  places.  It  is  not  Anally  disposed  of  until  it  drifts  out 
mto  the  country  or  is  washed  by  rain  into  downspouts  or  sewers. 

A  third  constituent  of  smoke,  the  gaseous  products  of  com¬ 
bustion,  has  been  much  discussed  and  often  regarded  as  a  serious 
pollutant.  1  he  fact  seems  to  be  that  this  element  of  smoke  is 
probably  the  least  objectionable  of  all  its  properties.  The  ca¬ 
pacity  of  the  atmosphere  to  absorb,  especially  in  the  presence  of 
winds,  however  light,  is  enormous,  as  compared  with  the  volume 
of  the  polluting  streams  which  enter  it  from  chimneys  and  stacks 

,  WOuId  not’  for  a  moment,  say  that  we  can  afford  to  neglect 
tus  aspect  ot  smoke,  but  merely  observe,  in  passing,  that  its 

importance  as  a  source  of  atmospheric  pollution  has  very  likely 
been  over-estimated. 

With  this  very  crude  and  imperfect  statement  concerning 
le  constituents  of  smoke  as  a  source  of  atmospheric  pollution,  I 
urn  to  a  consideration  of  certain  aspects  of  the  problem  as  it 
presents  itself  to  the  modern  city.  If  the  initial  steps  are  to  be 
secured,  they  should  flrst  take  the  form  of  a  well  organized  sur¬ 
vey  which  will  disclose  the  degree  of  responsibility  which  must 
be  assumed  by  the  different  fuel-consuming  services  of  the  city 
as  producers  of  visible  smoke,  and  of  the  solid  constituents  in  the 
smoke  which  is  discharged  into  the  atmosphere  of  the  city  Such 
a  survey  constitutes  a  large  undertaking.  It  will  require  time 
and  money  But  it  is  the  only  way  by  which  the  relit, ve  con¬ 
tributions  of  the  manufacturing  industries,  the  steam  boiler  ser¬ 
vice  the  domestic  heating,  the  steam  locomotive  service  etc 
can  be  determined.  As  soon  as  it  becomes  possible  to  identify 
the  arge  producer  of  smoke,  the  points  where  significant  results  • 
are  to  be  obtained  in  smoke  abatement  are  at  once  disclosed  •  for 
I  take  ,t  that  the  principle  is  well  established  that,  in  the  accom¬ 
plishment  of  any  work,  efforts  should  first  be  directed  to  the  de¬ 
velopment  of  the  largest  individual  factors.  In  smoke  abatement 

as  m  other  things,  the  effort  should  be  to  define  and  reach  the 
larger  contributors. 

Right  here  is  a  point  of  very  great  danger.  The  avem-w 
citizen  will  generally  tel.  you  offhand  where  the  smoke  of  7Jcit y 
comes  from.  He  is  not  in  doubt.  He  feels  no  need  of  an  expen- 
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sive  survey.  He  knows  what  he  knows  intuitively.  There  has 
in  fact  been  a  tremendous  amount  of  guessing  on  this  subject. 
Estimates  setting  forth  the  percentage  of  the  total  smoke  contrib¬ 
uted  by  this  or  that  service,  for  various  cities,  have  been  promul¬ 
gated  by  astrologers  and  officials  which  have  had  very  little  in 
truth  to  sustain  them.  I  think  it  fair  to  say  that  the  city  of  Chi¬ 
cago  today  is  the  only  large  city  in  the  world  for  which  the  facts 
are  known  with  a  reasonable  degree  of  accuracy. 

The  Chicago  Association  of  Commerce,  four  years  ago,  ap¬ 
pointed  a  committee  of  investigation  on  smoke  abatement  and  the 
electrification  of  railway  terminals,  which  committee  has  since 
sustained  a  large  technical  staff.  While  the  report  of  this  com¬ 
mittee  will  soon  be  issued,  the  facts  it  will  present  are  not  public 
property,  and  it  would  be  improper  for  me  in  this  presence  to  an¬ 
ticipate  their  publication.  I  violate  no  confidence  in  saying,  how¬ 
ever,  that  its  survey  is  based  upon  monthly  reports  of  coal  deliv¬ 
eries  by  all  common  carriers,  for  an  entire  calendar  year.  Results 
thus  obtained,  corrected  for  re-shipments  and  changes  in  amounts 
stored,  supplied  the  basic  facts  with  reference  to  consumption. 
It  was  found  possible  to  trace  the  coal  thus  delivered  to  the 
various  classes  of  service  in  which  it  was  consumed.  An  ex¬ 
tensive  scientific  study  of  stack  and  chimney  discharges  supplied 
certain  smoke  constants  for  each  service,  which,  when  applied  to 
the  fuel  consumed  in  that  service,  gave  a  quantitative  measure  of 
smoke  contributed  by  that  service.  Measurements  were  based 
on  visibility  and  on  solid  constituents.  The  results  are  believed 
to  constitute  a  secure  basis  for  Chicago’s  next  step  in  smoke 
abatement. 

When  the  strategic  points  of  attack  have  been  discovered, 
how  is  the  campaign  to  be  conducted?  Progress  in  recent  years 
has  found  expression  in  a  reduction  in  the  amount  of  visible 
smoke,  chiefly  in  connection  with  stationary  boiler  service  and 
steam  locomotive  service.  The  principles  which  must  be  ob¬ 
served  in  bringing  about  a  reduction  in  visible  smoke  are  well 
understood  and,  wherever  the  working  conditions  will  allow, 
there  is  a  general  disposition  to  apply  them.  Large  fires  under 
boilers  are  now  usually  so  operated  that  the  smoke  from  them  is 
well  nigh  invisible.  The  problem  is  more  difficult  in  its  appli¬ 
cation  to  metallurgical  fires  and  to  the  small  fires  of  all  services. 
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\\  here  bituminous  coals  must  be  burned,  the  small  domestic  fire  is 
today  an  important  source  of  visible  smoke. 

1  he  problem  of  reducing  the  amount  of  soot  and  dust  dis¬ 
charged  in  smoke  presents  almost  a  virgin  field.  All  fuel-con¬ 
suming  sen  ices  contribute  to  this  form  of  atmospheric  pollution. 
Present  da\  practice  discloses  no  settled  way  by  which  soot  and 
dust  in  smoke  may  be  thoroughly  and  economically  suppressed. 
The  principle  of  smoke-washing  has  been  applied  to  certain  large 
plants,  and  its  use  for  such  purposes  is  undoubtedly  destined  to 
be  extended.  As  a  practice,  however,  smoke-washing  is  still  in 
its  infancy.  Whether  it  can  be  applied  to  hres  of  all  classes,  to 
domestic  fires  as  well  as  to  the  boiler  fires,  is  a  matter  which  as 
yet  must  be  regarded  as  entirely  speculative. 

The  possibility  of  arresting  the  solids  in  smoke  through 
electrical  precipitation  is  a  matter  full  of  interest,  presenting 
many  aspects  of  promise,  but  one  which  at  the  present  time  must 
be  regarded  as  a  possibility  rather  than  as  a  means  to  an  assured 
end.  Doubtless  other  means  will  in  time  present  themselves, 
whereby  the  solids  in  smoke  may  be  entrained  or  otherwise  ar¬ 
rested  before  the  gaseous  discharge  from  the  furnace  reaches 
the  atmosphere,  but  how  they  will  function  and  what  they  will 
cost  cannot  now  be  predicted. 

lhese  observations,  fragmentary  as  they  are,  will  serve  to 
disclose  something  of  the  nature  and  the  extent  of  the  real  prob¬ 
lem  in  smoke  abatement.  They  serve  at  once  to  show  how  much 
wider  are  the  boundaries  of  this  problem  than  the  prescription 
usually  found  in  municipal  law  whereby  attention  is  directed  to 
the  abatement  of  visible  smoke.  A  student  of  the  literature  of 
smoke  abatement  soon  discovers  that  the  array  of  facts  derived 
from  carefully  conducted  statistical  studies  or  from  engineering 
research,  which  are  available  for  his  use,  is  small  indeed.  Such 
as  have  been  made  of  record  are  readily  seized  upon  and  are  used 
i  over  and  over  again  under  many  different  conditions  in  many 
parts  of  the  country.  Where  facts  are  not  available,  speculation 
or  clamorous  discourse  appears.  It  should  be  apparent  that  the 
real  problem  in  smoke  abatement  is  not  one  of  legislation  or  of 
1  inspection,  but  it  is  that  of  bringing  together  a  fabric  ot  Tacts 
concerning  possibilities  in  the  proper  utilization  of  fuel,  con¬ 
cerning  the  contributions  of  different  fuel-consuming  services 
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to  the  sum  total  of  atmospheric  pollution,  and  concerning  me¬ 
chanical  and  physical  methods  which,  as  practical  devices,  can 
be  relied  upon  to  intercept  the  solids  of  smoke.  Any  city  which 
can  command  such  a  fabric  of  facts  will  at  once  know  how  to 
legislate  and  where  to  inspect. 

The  great  cities  of  our  country  have  already  done  well  in  the 
maintenance  of  smoke  bureaus  and  in  providing  systems  of 
smoke  inspection.  They  have  done  well  in  directing  the  activities 
of  their  smoke  bureaus  along  educational  lines.  The  next  great 
step,  more  important  than  all  of  which  have  thus  far  been  taken, 
will  be  that  of  providing  for  a  permanently  supported  bureau  of 
research.  A  bureau  of  smoke  inspection  and  research,  if  effi¬ 
ciently  conducted,  would  unravel  and  classify  the  complex  char¬ 
acteristics  of  fuel;  it  would  be  able  to  improve  the  definition  of 
conditions  to  be  observed  in  the  use  of  each  fuel;  it  would  be 
serviceable  to  fuel  users ;  it  would  aid  in  substituting  sound  theory 
for  chance,  facts  for  unprofitable  discussion ;  it  would  constitute 
a  safe  guide  for  new  legislation  and  would  make  the  city  co¬ 
operatively  helpful  in  the  development  of  its  largest  single  busi¬ 
ness  interest,  its  coal-consuming  industries. 

All  progress  in  municipal  development  has  been  marked  by 
a  growing  appreciation  of  science  in  its  application  to  its  public 
service.  Cities  have  learned  to  apply  correct  principles  in  the 
development  of  their  water  supply.  They  are  beginning  to  make 
progress  in  the  acceptance  of  correct  principles  in  developing 
systems  of  sewage  disposal.  A  similar  problem,  though  one  much 
more  difficult  than  those  which  have  preceded  it,  now  awaiting 
attention,  is  that  which  is  enveloped  by  the  discharges  of  chim¬ 
neys  and  stacks.  It  is  a  problem  that  is  as  broad  as  the  whole 
science  of  fuel  utilization.  It  touches  the  activities  of  every  in¬ 
dustry.  It  is  a  community  problem  and  no  great  progress  can 
be  made  in  developing  it  until  the  community  recognizes  its 
importance  and  assumes  its  full  share  of  responsibility. 

The  City  of  Pittsburgh  is  to  be  congratulated  upon  the  con¬ 
structive,  scientific  work  which  has  already  been  done  within  its 
borders,  through  the  administration  of  the  Mellon  Institute  of 
Industrial  Research.  Its  efforts  thus  far  have  been  directed  to  a 
study  of  the  effects  of  smoke.  The  accuracy  and  significance  of 
the  publications  of  the  Institute  are  everywhere  recognized.  The 
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conception  underlying  this  movement  rings  true.  Would  that 
every  large  city  had  a  Mellon  Institute  of  Industrial  Research, 
and  would  that  the  activities  of  such  institutes  might  he  greatly 
extended. 

Finally,  let  me  suggest  to  you,  the  members  of  the  Engineers’ 
Society  of  Western  Pennsylvania,  that  in  the  problem  I  have 
outlined  there  is  a  great  work  for  engineers.  In  the  language  of 
the  street,  don’t  leave  it  for  George  to  do;  George  can’t  do  it. 
George  will  try  to  do  it  in  a  day,  and  it  can’t  be  done  in  a  day. 
George  will  concentrate  attention  on  details,  will  arouse  opposi¬ 
tion,  will  do  injustice  to  individuals,  and  none  of  these  things  will, 
in  the  long  run,  help.  Progress  is  not  to  be  had  through  contest. 
Those  who  stand  for  progress  cannot  afford  to  be  against  the  coal 
consumer.  All  must  work  together.  The  best  that  we  who  are 
living  and  working  today  can  hope  to  accomplish  is  that  founda¬ 
tions  may  be  laid  which  will  be  sufficiently  broad  and  secure  to 
serve  those  who  succeed  us.  If  this  can  be  accomplished,  there 
will  gradually  be  developed,  in  the  modern  city,  a  fabric  of  facts 
which,  when  woven  into  the  warp  and  woof  of  practice,  will, 
year  by  year,  reduce  the  polluting  effects  of  smoke.  The  task 
is  a  many  sided  one.  It  touches  many  different  interests.  It 
should  challenge  the  attention  of  men  who  are  strong  and  fine 
and  fair,  such,  Mr.  President,  as  give  character  and  quality  to 
the  activities  of  your  great  Society. 


CONSIDERATION  WITH  REGARD  TO  TIIE 
RAPID  TRANSIT  PROBLEM  IN  CITIES. 


By  George  F.  Swain* 


The  Problem  :  Ihe  problem  of  transportation  is  the  most 
important  one  which  the  cities  of  this  country,  or  in  fact  of  any 
country,  have  to  face.  Particularly  in  our  own  country  it  is  a 
problem  which  is  ever  present  and  which  may  almost  be  said  to  be 
insoluble.  This  arises  mainly  from  two  facts: 

First:  The  tendency  of  the  times  towards  rapid  increase  in 
urban  population ; 

Second.  The  fact  that  the  demands  of  transportation  in¬ 
crease  more  rapidly  than  the  population. 

The  growth  of  urban  population  is  one  of  the  most  significant 
and  perplexing  problems  of  modern  times.  About  a  hundred 
years  ago  only  about  three  percent  of  the  population  of  this 
country  was  in  the  cities.  In  1880  the  percentage  of  urban  popu¬ 
lation  was  29.5  percent,  and  in  1910  it  was  46.3  percent.  From 
1900  to  1910  the  rate  of  increase  for  the  population  of  urban 
areas  was  over  three  times  that  for  the  population  in  rural  ter¬ 
ritory.  This  is  one  of  the  striking  sociological  facts  of  the  present 
time. 


But  while  the  amount  of  food,  water,  gas,  electricity,  and 
other  commodities  to  be  supplied,  the  length  of  sewers  to  be  con¬ 
structed,  etc.,  increase  in  general  approximately  in  proportion  to 
the  population,  the  transportation  to  be  supplied  increases  much 
more  rapidly.  It  is,  of  course,  eminently  desirable  from  a  socio- 
ogical  point  of  view  to  avoid  the  congestion  of  large  numbers 
of  people  in  tenements  and  in  the  slums,  and  to  facilitate  the  devel¬ 
opment  of  suburban  districts  and  the  construction  of  separate 
omes  for  the  so-called  working  classes.  Not  only,  therefore, 
oes  the  number  of  people  to  be  carried  increase,  but  the  distances 
that  they  have  to  be  carried  also  increase,  as  well  as  the  speed 
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demanded  and  desirable.  Moreover,  with  the  growth  of  cities 
in  area,  short-distance  riding  increases,  and  a  man  finds  it  often 
necessary  to  take  a  car  not  only  in  coming  in  from  his  home  and 
returning,  but  in  doing  the  various  errands  connected  with  his 
business.  The  “riding  habit”  increases.  In  forty-six  selected 
cities  of  less  than  25  000  population  in  1902,  the  number  of  rides 
per  inhabitant  was  68J4  ;  in  all  the  cities  of  over  500  000  popu¬ 
lation,  the  number  of  rides  per  inhabitant  was  239.1,  according  to 
statistics  of  the  United  States  Census.  According  to  these  figures, 
therefore,  if  a  city  has  a  population  of  25  000,  the  number  of  rides 
per  annum  would  be  about  1  712  500 ;  but  if  it  increases  to  a 
population  of  500  000,  the  number  of  rides  per  annum  will  be 
about  120  000  000.  The  population  has  increased  twenty-fold, 
while  the  number  of  rides  has  increased  seventy-fold,  in  addition 
to  which,  as  already  stated,  the  average  length  of  ride,  as  well  as 
the  speed,  will  have  increased.  It  seems  clear,  therefore,  that 
what  may  be  called  transportation  facilities,  increase  much  faster 
than  the  population,  perhaps  as  the  cube,  or  even  as  the  fourth 
power. 

It  is  these  facts  which  render  the  transportation  problem  an 
ever-present  one.  We  may  plan  transportation  facilities  for  a 
city  for  perhaps  ten  years,  or  possibly  twenty  years  ahead,  and 
yet  the  chances  are  that  new  facilities  are  no  sooner  provided  than 
the  demand  outruns  them.  Clearly  the  problem  is  ever  present. 

Not  only  does  this  great  increase  take  place  in  the  transpor¬ 
tation  facilities  demanded,  but  the  phenomenon  of  the  rush  hour 
complicates  the  problem  still  more.  With  the  increase  in  pas¬ 
sengers  to  be  brought  into  the  city  in  the  morning  from  suburban 
places  of  residence  and  carried  out  at  night,  the  concentration  ol 
this  traffic  in  the  rush  hours  of  the  morning  and  afternoon  will 
be  sure  to  congest  almost  any  facilities  that  it  is  practicable  to 
provide. 

We  must  be  careful,  therefore,  in  view  of  the  above  facts, 
not  to  delude  ourselves  with  false  theories  or  false  hopes.  There 
will  always  be  congestion  in  our  lines  of  urban  transportation; 
it  will  never  be  possible  to  provide  every  passenger  with  a  seat. 

Difficulties :  The  difficulties  in  the  way  of  providing  ade¬ 
quate  urban  transportation  are  of  two  kinds :  personal  and 
physical. 
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The  personal  difficulties  arise  from  the  fact  that  with  in¬ 
creasing  luxury  and  public  demands,  people  more  and  more  come 
to  think  that  they  must  be  carried  directly  from  the  point  which 
they  wish  to  leave  to  the  point  which  they  wish  to  reach.  They 
are  averse  to  walking  even  short  distances  or  to  making  transfers. 
A  woman  will  go  downtown  to  shop  and  will  be  willing  to  walk- 
two  miles  from  counter  to  counter  in  a  department  store,  but  she 
wall  complain  if  she  has  to  make  a  single  transfer,  or  if  she  has 
to  walk  a  few  blocks  on  the  street,  or  to  go  up  a  few  flights  of 
stairs.  \\  e  do  not  put  elevators  into  our  houses,  and  we  run  up 
and  dow-n  stairs  dozens  of  times  daily,  yet  the  public  will  make 
very  insistent  demands  that  escalators  shall  be  introduced  at  sub¬ 
way  or  elevated  stations.  \\  e  are  getting  accustomed  to  demand 
a  great  deal  provided  we  can  demand  that  someone  else  shall 

furnish  it  to  us.  This  is  one  of  the  usual  phenomena  of  human 
nature. 

On  the  other  hand,  however,  if  streets  and  sidewalks  are 
narrow-,  it  may  be  very  desirable,  or  even  necessary  in  order  to 
.  reduce  congestion  in  the  streets,  to  provide  transportation  lines 
which  will  carry  people  to  within  short  distances  of  any  point 
which  they  may  wish  to  reach. 

J  The  physical  difficulties  in  the  way  of  urban  transportation 
are  the  following : 

i.  Narrow  streets,  especially  if  crowded,  interfere  greatly 
’  with  any  means  of  transportation,  whether  by  surface,  below 
I  ground,  or  above  ground,  and  increase  very  greatly  the  cost  of 
constructing  elevated  lines  or  subways. 

i  2.  The  congestion  of  surface  traffic  interferes  with  surface 
|  lines  and  involves  delays  which  cannot  be  foreseen,  but  which  are 
always  likely  to  occur,  which  make  all  transportation  uncertain 
and  may  involve  great  loss  of  time. 

I  3'  The  necessity  of  providing  rapid  transit  between  the  con- 
i  gested  business  areas  and  the  suburban  residential  districts  results 
in  making  surface  lines  in  many  cases  inadequate  and  render  nec¬ 
essary  some  other  form  of  transportation. 

4-  The  necessity  of  combining  two  conflicting  factors, 
i  namely:  rapid  transit  and  frequent  stops,  may  render  necessary 

in  some  cases  the  construction  of  separate  tracks  for  express  and 
local  service. 
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These  difficulties  do  not  disappear  with  the  growth  of  popu¬ 
lation,  but  rather  increase  so  that  facilities  at  one  time  adequate 
may  be  speedily  outgrown  and  extensive  reconstruction  may  be 
necessary. 

The  fact  that  the  problem  is  an  ever-present  one,  and  that 
reconstruction  and  readaptation  will  always  be  necessary,  is 
strikingly  shown  in  the  case  of  the  cities  of  Boston  and  New 
York.  In  Boston  the  Subway  was  begun  in  1894  and  completed 
in  1898.  It  was  designed  for  surface  cars  which  should  enter 
from  the  surface,  pass  through  the  subway  and  emerge  again. 
In  1901,  or  only  four  years  after  its  opening,  this  subway  was 
temporarily  given  over  to  the  use  of  trains  connecting  with  an 
elevated  structure  at  each  end.  This  necessitated  reconstruction 
of  some  portions  of  the  work  as  well  as  the  construction  of  some 
new  work,  and  the  taking  of  a  large  block  of  real  estate.  In  1908, 
or  seven  years  later,  the  trains  were  removed  from  this  subway 
and  run  through  a  new  tunnel,  restoring  the  original  subway  to 
the  use  of  surface  cars.  This  change  necessitated  the  abandon¬ 
ment  of  some  work  which  was  put  into  use  in  1902,  including 
quite  a  length  of  elevated  road  and  a  large  quantity  of  real  estate 
which  had  been  taken  for  it.  Since  that  time,  two  new  subways 
and  an  elevated  line  have  been  built,  and  two  other  new  subways 
have  been  planned,  and  are  under  construction,  this  work  involv¬ 
ing  the  reconstruction  of  certain  portions  of  the  original  line,  in¬ 
cluding  the  re-location  of  one  of  the  entrances  and  the  enlarge¬ 
ment  of  one  of  the  stations. 

In  New  York  the  experience  has  been  somewhat  similar.  The 
original  subway  was  begun  in  1900  and  opened  in  1904.  Yet 
plans  now  being  carried  out  contemplate  an  entire  rearrange¬ 
ment  of  the  Grand  Central  and  Times  Square  Stations,  and  the 
use  of  the  original  subway  in  Forty-second  Street  merely  as  a 
shuttle  line  between  these  two  points.  These  changes  could  not 
have  been  foreseen  and  it  will  generally  be  found  cheaper  to  make 
the  reconstructions  necessary  when  they  are  called  for  rather 
than  to  try  to  provide  for  them  in  advance. 

Causes  of  the  Difficulties :  Aside  from  the  physical  facts 
which  constitute  the  difficulties  themselves,  certain  contributing 
causes  may  be  mentioned.  One  of  them  is  the  growth  of  cities 
which  has  already  been  referred  to.  A  second  is  the  increasing 
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concentration  of  business  within  small  areas,  sometimes  inevitable 
on  account  of  topographical  conditions,  rendering  necessary  the 
carrying  of  large  numbers  of  people  into  and  out  of  these  small 
districts.  This  concentration  of  business  is  largely  the  result  of 
three  engineering  developments  which  have  taken  place  within 
the  last  few  years,  namely :  the  skyscraper,  the  elevator,  and  the 
telephone.  1  he  possibility  of  the  use  of  steel-frame  construction 
in  the  construction  of  high  buildings  is  what  makes  concentration 
of  business  possible;  but  skyscrapers  themselves  would  not  be 
practicable  were  it  not  for  the  elevator  and  the  telephone.  An 
investigation  was  made  a  few  years  ago  by  the  American  Tele¬ 
phone  Company  as  to  the  relation  of  the  telephone  to  one  of  the 
skyscrapers  in  New  York.  It  was  found  as  a  result  that  if  all 
the  messages  which  were  transmitted  by  telephone  to  and  from 
that  building  had  to  be  carried  by  messengers,  the  entire  area 
of  the  building  would  be  required  for  elevators. 

The  effect  of  the  high  building  is  strikingly  illustrated  in  the 
case  of  the  Woolworth  Building  in  New  York  City.  This  build- 

it  is  stated,  houses  from  7000  to  10  000  persons,  or  as  great 
a  number  as  would  constitute  a  city  in  itself.  The  collection  and 
distribution  of  the  mail  from  this  one  building  alone  requires 
the  services  of  a  number  of  postmen.  What  would  be  the  result 
if  the  lower  portion  of  New  Tork  City  should  be  entirely  covered 
with  buildings  like  this?  I  cannot  but  feel  that  the  increasing  con¬ 
struction  of  high  buildings  is  not  a  favorable  development.  Con¬ 
sidering  that  we  have  at  our  disposal  the  telephone,  it  seems  to 
me  far  better  that  instead  of  concentrating  real  estate  values  they 
should  be  distributed  over  larger  areas  and  that  our  cities  should 
follow  the  example  of  Berlin  and  by  limiting  the  height  of  build¬ 
ings  to  a  moderate  height,  compel  the  diffusion  of  business. 

The  Remedies :  The  transportation  problem  may  be  met  in 
various  ways.  The  following  possibilities  exist : 

/.  Wider  streets  and  more  surface  lines. 

2.  Elevated  railroads. 

J.  Subway  lines. 

The  first  method  of  solution  is  often  impracticable  because  it 
does  not  avoid  surface  congestion  and  because  it  does  not  provide 
rapid  transit.  In  some  cases,  however,  it  may  be  practicable,  and, 
in  view  of  the  cost  of  elevated  and  subway  lines,  It  must  always 
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be  considered.  In  settled  districts,  however,  it  may  cost  more  to 
take  the  necessary  property  to  provide  a  wider  street  than 
it  would  to  build  either  an  elevated  line  or  a  subw?y.  Roughlv 
speaking,  the  cost  of  a  mile  of  single  track  surface  line  is  in  the 
neighborhood  of  $50  000,  exclusive  of  equipment.  The  cost  of  a 
mile  of  single  track  elevated  line,  exclusive  of  equipment,  damages 
and  real  estate,  will  be  about  $250  000.  If  constructed  on  private 
right  of  way,  the  cost  will  be  largely  increased,  and  this  will  also 
be  the  case  if  constructed  in  a  narrow  street  involving  large  dam¬ 
ages  to  adjoining  property  owners.  The  construction  of  a  mile 
of  single  track  subway,  exclusive  of  equipment  and  damages,  is 
so  variable  that  it  cannot  be  accurately  stated.  Mr.  Parsons  gives 
it  at  about  $1  000  000  per  mile,  and  perhaps  that  is  as  fair  a  figure 
as  can  be  given  if  any  single  figure  is  to  be  taken.  This  will  make 
a  mile  of  double  track  subway  cost  $2  000  000. 

This  figure,  however,  may  be  very  misleading.  In  Boston, 
the  Washington  Street  subway,  which  is  probably  the  most 
expensive  subway  in  the  world  per  mile,  cost  $6  916  000  per 
mile,  including  property  takings,  or  $5  103  000  excluding  such 
takings.  The  sum  of  $215  000  was  paid  for  a  single  exit  and  en¬ 
trance  stairway  in  private  property  and  the  sum  of  $65  000  for  an¬ 
other;  one  entire  building  was  taken  for  another  entrance  to  the 
same  station,  at  a  cost  of  $630  000,  this  being  subsequently  sold 
for  $587  500.  These  costs  were  necessary  on  account  of  the  fact 
that  the  narrow  streets  precluded  the  possibility  of  placing  en¬ 
trances  and  exits  on  the  sidewalks,  as  was  done  in  New  York 
City.  Also,  a  portion  of  this  subway  passed  under  private  prop¬ 
erty,  in  which  easements  had  to  be  taken.  The  sum  of 
$5  103  000  per  mile,  given  above,  represents  the  cost  deducting 
all  payments  for  private  property. 

It  is  apparent  from  the  above  considerations,  that  each  city 
constitutes  a  problem  by  itself  as  regards  its  transportation 
facilities.  Methods  and  solutions  found  applicable  in  one  city 
will  not  necessarily  apply  in  another.  The  simplest  solution  is, 
of  course,  to  provide  additional  surface  tracks  in  existing  streets, 
but  if  every  street  is  already  occupied  by  such  tracks,  something 
more  must  be  done.  The  large  expense,  however,  of  elevated 
and  subway  lines  makes  it  clear  that  aside  from  the  demands  of 
the  public  and  the  reasonable  requirements  of  transportation,  the 
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financial  question  must  in  the  end  be  the  determining  one.  It  is 
very  easy  for  the  public  to  irnke  demands,  and  public  opinion 
is  very  fickle,  so  that  what  is  demanded  one  day  may  be  con¬ 
demned  the  next.  Following  the  construction  of  the  elevated  lines 
in  New  York  forty  years  ago,  there  was  a  demand  for  the  con¬ 
struction  of  similar  lines  in  other  cities,  and  they  were  built  in 
Brooklyn  and  Chicago,  and  more  recently  in  Boston  and  Phila¬ 
delphia.  In  several  cases  these  lines  did  not  prove  financially 
profitable,  for  while  the  public  requires  facilities,  it  is  not  always 
willing  to  pay  for  them,  and  each  individual  expects  to  be  carried 
almost  any  distance  for  not  over  five  cents.  This,  while  clearlv 
desirable,  may  not  always  be  possible.  Transportation  is  a  com¬ 
modity  just  as  flour,  or  clothing  is,  and  yet  we  are  very  apt  to 
protest  vigorously  against  any  increase  of  street-car  fares,  just 
as  the  shippers  of  freight  on  our  railroads,  although  they  will 
raise  the  prices  of  their  own  products  to  the  limit  of  what  the 
commodity  will  bear,  will  unite  in  opposing  the  granting  of  any 
increased  rates  to  our  railroads. 

\\  hen  the  original  subway  in  Boston  was  proposed  in  1894, 
there  was  a  great  protest  against  it,  and  a  petition  was  presented 
to  the  Legislature  asking  that  elevated  lines  be  constructed  in¬ 
stead.  People  did  not  realize  the  possibilities  of  electric  traction, 
and  they  thought  that  subways  would  be  necessarily  dark,  dismal, 
damp,  dreary,  and  disagreeable.  They  said  they  did  not  want  to 
be  put  under  ground  until  they  had  to  be,  but  wanted  to  travel  in 
the  open.  The  subway,  however,  proved  a  success.  Later,  as 
above  stated,  certain  elevated  lines  were  built,  authorized  by  the 
Legislature  in  189L  Now  there  is  a  demand  everywhere  for  sub¬ 
ways,  and  persons  living  along  the  elevated  lines,  although  they 
have  received  the  damages  which  the  courts  have  awarded  them, 
come  before  each  successive  Legislature  and  strenuously  urge 
that  the  elevated  structure  should  be  removed  ana  subways  sub¬ 
stituted.  Even  inhabitants  of  suburban  districts  ask  for  sub¬ 
ways,  and  while  they  demand  rapid  transit,  they  strenuously 
object  to  elevated  lines. 

From  the  above  consideration,  several  conclusions  are  ap¬ 
parent.  If  we  admit  that  the  problem  is  a  financial  one,  and  that 
any  new  line  of  transportation  should  be  able  to  earn,  and  should 
be  allowed  to  earn,  a  fair  return  upon  the  capital  properly  in- 
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vested,  it  is  clear  that  subways,  which  are  unquestionably  the  best 
but  also  the  most  expensive  means  of  transportation,  should  only 
be  adopted  after  very  careful  study,  and  are  only  applicable  in 
cases  where  there  is  a  very  large  traffic  distributed  reasonably 
equally  throughout  the  day.  A  large  traffic  in  the  rush  hours 
alone,  or  a  large  traffic  on  special  occasions,  as,  for  instance,  at 
the  time  of  the  Harvard-Yale  games,  or  a  large  traffic  on  holidays 
to  places  of  suburban  resort  or  recreation,  will  not  alone  justify 
so  large  an  expenditure.  Revere  Beach,  near  Boston,  a  part  of 
the  Park  System  of  the  Metropolitan  District,  is  visited  during 
the  summertime,  and  especially  on  Sundays  and  holidays,  by  vast 
numbers  of  people.  It  is  stated,  however,  by  the  transportation 
companies  that  this  traffic  is  not  profitable,  that  it  requires  so 
large  an  expenditure  for  excess  equipment  which  is  used  only 
during  a  comparatively  few  days  each  month,  and  not  at  all 
during  about  half  the  year,  that  its  expense  is  not  justified.  A 
large  and  continuous  traffic — not,  of  course,  absolutely  equal 
throughout  the  day,  but  fairly  uniformly  distributed — is  necessary 
to  justify  a  subway  system. 

The  next  less  expensive  system,  namely,  elevated  lines,  may 
be  justified  with  a  smaller  traffic,  as,  for  instance,  in  outlying  dis¬ 
tricts.  An  elevated  structure  in  a  narrow  street  is  unquestionably 
an  eyesore  and  a  disfigurement,  and  on  account  of  the  damage  to 
property,  may  be  more  expensive  than  a  subway.  It  destroys 
property  values,  while  a  subway  system  creates  them.  But  in 
outlying  districts  in  wide  streets,  and  particularly  if  the  structure 
is  of  ornamental  construction  and  built  in  such  a  way  as  to  reduce 
the  noise  to  a  minimum,  as  in  Berlin,  elevated  lines  are  still  appli¬ 
cable,  and  always  will  be.  At  the  same  time  that  certain  citizens 
of  Boston  are  clamoring  to  have  the  elevated  lines  removed,  and 
when  inhabitants  of  suburban  towns  are  petitioning  to  have  sub¬ 
ways  extended  into  their  districts,  the  City  of  New  York,  to¬ 
gether  with  the  operating  companies,  are  engaged  in  constructing 
over  175  single  track  miles  of  new  elevated  structure,  the  existing 
single  track  mileage  of  such  structures  being  223  miles.  At  the 
same  time  they  are  constructing  148.5  single  track  miles  of  sub¬ 
way,  as  against  an  existing  single  track  mileage  of  73  miles. 

The  least  expensive  form  of  construction,  namely,  surface 
lines,  is  applicable  where  the  traffic  is  still  less  dense,  and  such 
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lines,  if  properly  planned  in  connection  with  elevated  and  subway 
lines,  in  such  a  manner  as  to  serve  as  feeders  to  the  latter,  may 
well  form  a  part  of  any  comprehensive  system  of  urban  trans¬ 
portation.  This  will  be  illustrated  later  in  connection  with  the 
Boston  system.  Here  the  surface  lines  converge  at  certain  points 
in  the  suburban  districts  from  various  directions,  at  the  terminals 
of  the  elevated  line.  From  these  points  the  passengers  are  carried 
to  the  center  of  the  city  by  the  elevated  trains. 

The  Financial  Problem :  If  it  is  admitted  that  the  main  prob¬ 
lem  in  urban  transportation  resolves  itself  ultimately  into  a 
financial  question  as  to  whether  a  system  physically  adapted  to 
the  needs  of  a  community  can  be  made  to  pay;  this  brings  up  at 
once  two  important  questions :  how  far  a  passenger  can  profitably 
be  carried  for  a  single  fare,  and  to  what  extent  free  transfers 
should  be  given.  It  is  generally  urged  in  discussing  the  rapid 
transit  problem  in  cities  that  there  should  be  absolutely  free  trans¬ 
fers  between  all  lines  of  the  system  for  a  person  traveling  in  the 
same  general  direction.  This  is,  of  course,  very  desirable  from 
the  point  of  view  of  the  traveling  public,  but  it  may  easily  be 
carried  too  far.  In  New  York  a  person  may  ride  seventeen  miles 
for  a  single  five-cent  fare,  and  in  Boston  he  may  ride  over  twenty 
miles  for  the  same  fare.  Now  there  is  no  question  that  a  person 
who  takes  such  a  journey  gets  more  than  he  pays  for,  and  if  he 

gets  more  than  he  pays  for,  it  must  be  at  the  expense  of  somebody 
else. 

Personally,  I  am  a  great  believer  in  the  principle  that  a  man 
should  pay  for  what  he  gets  in  this  world,  whether  it  is  a  barrel 
of  flour,  a  suit  of  clothes,  his  education,  the  transportation  of  his 
goods  by  freight,  or  his  ride  in  a  street  car.  The  principle  of 
educating  the  public  to  the  idea  that  somebody  else  will  pay  for 
what  they  get,  is  to  my  mind  injurious  in  the  extreme.  It  leads 
people  to  depend  upon  outside  help  instead  of  upon  self-help,  it 
increases  their  selfishness,  and  it  tends  to  make  them  idle  and 
shiftless.  I  am  often  even  tempted  to  go  as  far  as  to  believe,  with 
Herbert  Spencer,  that  it  would  be  better  if  everyone  had  to  pay 
for  his  entire  education,  and  to  pay  what  it  costs. 

In  the  case  of  street  car  transportation,  this  principle  of  pay¬ 
ing  f°r  what  one  gets  would  lead  necessarily  to  the  adoption  of 
the  zone  system.  Like  all  principles,  this  one  is  not  capable  of 
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universal  application,  and  is  not  strictly  equitable;  for  even  in  a 
zone  system  there  is  no  justice,  for  instance,  in  making  a  person 
who  rides  2.99  miles  pay  five  cents,  and  one  who  rides  3.01  miles 
pay  10  cents. 

Moreover,  in  the  case  of  urban  transportation,  a  single  fare 
may  work  out  in  the  course  of  a  year  more  uniformly  than  is 
supposed,  for  all  of  us  take  some  long  rides  and  some  short  rides 
during  the  year.  Moreover,  we  must  all  of  us  expect  to  pay  some¬ 
thing  to  secure  a  result  which  is  for  the  benefit  of  the  community 
as  a  whole,  and  it  is  undoubtedly  better  for  a  community  as  a 
whole  that  the  so-called  working  classes  should  be  able  to  find 
homes  away  from  the  crowded  sections  of  the  city.  It  is  therefore 
very  desirable  that  a  single  fare  should  be  adopted  on  all  portions 
of  an  urban  transportation  system,  with  one  important  proviso, 
namely,  that  the  short  distance  riding  will  make  up  for  the  long 
distance  riding,  and  leave  a  fair  margin  of  profit  for  the  operating 
company.  Here  is  where  considerable  differences  of  condition 
exist.  In  New  York,  with  its  various  centers  of  business,  the 
financial  district  downtown,  the  wholesale  district  farther  up,  the 
retail  shopping  district  still  farther,  and  the  theater  district  farther 
again,  there  is  a  large  amount  of  short  distance  riding.  The  trains 
are  comparatively  full  in  both  directions  at  all  hours  of  the  day. 
This  is  the  most  favorable  condition.  Whether  it  will  occur  in 
another  city,  is  a  potent  factor  in  the  decision  of  the  question  as 
to  whether  any  given  system  of  transportation  will  be  profitable. 

It  is  a  very  important  and  interesting,  but  equally,  difficult 
inquiry,  to  decide  how  far  a  street  railway  can  profitably  carry  a 
passenger  for  a  single  five-cent  fare.  The  question  cannot  be 
answered  in  general.  It  is  impossible  to  ascertain  accurately  the 
cost  of  carrying  a  single  passenger  a  given  distance,  for  the  reason 
that  the  average  length  of  ride  is  practically  impossible  to  de¬ 
termine.  If  the  average  length  of  ride  could  be  ascertained,  then 
knowing  the  total  number  of  passengers,  the  total  number  of 
passenger  miles  could  be  computed.  From  this,  knowing  the  total 
operating  expenses,  the  cost  per  passenger  mile  could  be  found, 
and  from  this  the  maximum  profitable  distance  which  a  passenger 
could  be  carried  for  a  single  fare.  But  even  this  would  not  be 
quite  convincing,  for  the  well-known  reason  that  if  a  car  must  be 
run  it  costs  but  little  more  to  run  it  loaded  than  it  does  to  run 
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it  empty;  so  that  under  certain  circumstances,  any  fare  received 
from  a  passenger  might  be  considered  a  clear  gain.  In  the  ab¬ 
sence  of  the  necessary  data,  the  question  in  the  case  of  street 
railway  companies  has  generally  been  considered  to  be  one  of 
ascertaining  whether,  on  the  whole,  the  company  is  earning  more 
than  a  reasonable  return  or  not.  If  it  is,  it  may  be  good  policy 
from  an  economic  and  sociological  point  of  view,  to  urge  that 
the  facilities  and  accommodations,  including  the  maximum 
length  of  ride  afforded  the  public,  should  be  increased. 

This  problem  has  been  given  careful  consideration  by  the 
American  Electric  Railway  Association,  and  several  interesting 
reports  have  been  made  by  its  committee  appointed  to  consider 
this  subject.  In  the  report  presented  to  the  convention  at  Atlantic 
City  in  1911,  Mr.  H.  G.  Bradlee  of  the  Stone  &  Webster  Com¬ 
pany,  suggested  an  interesting  method  for  computing  the  maxi¬ 
mum  profitable  ride.  1  his  method  is  as  follows  :  Determine  the 
following  four  items : 

1.  The  total  cost  per  car  mile  of  operating  expenses,  taxes, 
depreciation,  and  obsolescence;  (call  this  T.) 

2.  The  average  number  of  passengers  carried  per  half 
round  trip;  (call  the  gross  receipts  per  half  round  trip  R). 

The  inv estment  made  in  the  company’s  property  for  each 
one  dollar  of  gross  business  annually;  (call  this  D). 

4-  The  percentage  return  on  the  company’s  investment 

which  must  be  earned  to  attract  capital  freely  to  the  business* 
(call  this  p) . 

If  we  subtract  from  one  dollar  the  product  of  the  fair  return 
and  the  investment  for  each  dollar  of  gross  receipts,  we  shall  have 
what  remains  of  that  dollar  of  gross  receipts  which  is  available 
for  operating  expenses,  taxes,  depreciation,  etc.  Multiplying  this 
by  the  gross  receipts  per  half  round  trip  will  give  the  total  amount 
so  a\ailable  for  each  half  round  trip,  and  dividing  this  result  by 
the  total  cost  per  car  mile,  w-e  shall  obtain  the  number  of  miles 
which  a  passenger  can  be  profitably  carried  for  a  single  fare. 

Putting  this  in  mathematical  form,  let  the  following  nomen¬ 
clature  be  used: 

P  percentage  considered  a  fair  return  on  the  investment. 

I  —  total  investment  in  the  property. 

G  —  gross  receipts  per  annum. 
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E  —  total  annual  expenses  of  operation  including  taxes,  de¬ 
preciation,  etc. 

C  —  number  of  car  miles  run  per  annum. 

T  =  E  -f-  C. 

H  —  number  of  half  round  trips  per  annum. 

M  =  maximum  length  of  profitable  ride. 

L  —  C  — ! —  H  average  length  of  a  half  round  trip. 

Then  the  following  equations  hold : 

u-'-  ^ 
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The  last  equation  indicates  that  this  method  leads  to  the  fol¬ 
lowing  result : 

The  maximum  profitable  ride  bears  the  same  proportion  to 
the  average  length  of  a  half  round  trip  that  the  sum  remaining 
after  deducting  from  the  gross  receipts  a  fair  return  upon  the  in¬ 
vestment  bears  to  the  total  cost  of  operation. 

In  the  application  of  this  method  to  differing  conditions, 
various  studies  and  computations  will  have  to  be  made,  as,  for 
instance,  to  determine  what  average  return  is  received  by  stock¬ 
holders  on  all  classes  of  securities  if  they  receive  a  fair  return, 
some  of  these  rates  of  return  being  fixed,  such  as  interest  on 
bonds.  Various  difficulties  will  be  encountered  also  in  applying 
this  method,  as,  for  instance,  the  determination  of  what  is  a  half 
round  trip ;  as  in  the  case  where  passengers  transfer  from  elevated 
to  surface  lines.  A  study  of  this  kind  was  made  by  the  writer 
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in  connection  with  a  study  of  the  transportation  question  in 
Boston,  a  few  years  ago,  and  it  appeared  from  this  investigation 
that  the  limit  of  profitable  haul,  under  the  assumptions  necessarily 
made,  was  not  far  from  4^  miles.  If  this  result  is  correct,  any 
passenger  who  rides  a  greater  distance  than  this  is  getting  more 

than  he  pays  for,  and  any  one  who  rides  a  shorter  distance  is 
getting  less  than  he  pays  for. 

These  results,  however,  are  only  approximate,  and  the  writer 
does  not  believe  that  at  present  there  is  any  accurate  method  of 
solving  this  problem,  especially  considering  that  it  is  complicated 
by  sociological  and  economic  difficulties.  The  result  obtained  for 
Boston,  however,  indicated  very  clearly  that  it  is  easy  to  go  too 
far  in  supplying  facilities  for  long  rides  for  a  single  fare,  and 
that  free  transfers  over  an  interurban  street  railway  system,  while 
desirable,  may,  under  certain  conditions,  be  very  unfair  to  the 
company.  It  all  depends  upon  whether  there  is  sufficient  short- 
distance  riding  to  make  up  for  the  loss  which  is  undoubtedly  in¬ 
curred  in  carrying  passengers  long  distances  for  five  cents.  How¬ 
ever,  there  is  no  question  in  the  mind  of  the  writer  that  in  most 
cities  of  this  country  the  long  distance  riders,  and  in  fact  a  large 
proportion  of  the  passengers,  are  being  carried  for  less  than  cost ; 
that  is  to  say,  either  the  stockholders  or  other  passengers  are  pav¬ 
ing  a  part  of  the  fare. 

Special  Problems  and  Principles  with  Illustrations :  With 
regard  to  the  specific  problems  of  rapid  transit  it  is  clear  that  no 
two  cities  are  alike,  and,  therefore,  the  detailed  solution  in  one 
case  may  be  very  different  from  that  in  another.  The  case  of  a 
city  like  New  York,  in  which  the  portion  in  Manhattan  and  the 
Bronx  is  long  and  narrow,  is  very  different  from  the  case  of  a 
city  like  Boston  or  Philadelphia  or  Chicago,  where  the  traffic  is 
radiating.  In  one  case  rapid  transit  may  be  a  very  important 
element,  while  in  another  case,  it  may  be  of  much  less  importance, 
the  principal  problem  being  to  carry  passengers  through  a  com¬ 
paratively  small,  congested  district,  beyond  which  surface  lines 
will  distribute  them  with  sufficient  rapidity. 

Hie  number  and  arrangement  of  stations  is  always  a  much 
discussed  question.  Rapid  transit  calls  for  stations  few  and  far 
etween,  unless  four  tracks  are  used  and  a  division  made  between 
local  and  express  service.  Convenience  of  access  to  all  parts  of 
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the  line,  on  the  other  hand,  calls  for  frequent  stations.  From  one 
point  of  view  it  may  be  said  that  a  rapid  transit  street  railway 
line  is  like  a  railroad  which  brings  its  passengers  not  to  one  termi¬ 
nal  in  a  city,  but  to  a  number.  Once  inside  the  business  district, 
these  terminals  should  be  comparatively  close  together.  The  case, 
however,  is  entirely  different  if  surface  cars  run  on  the  same 
street  above  or  below  the  rapid  transit  line,  and  if  transfers  are 
available  to  and  from  these  surface  cars.  Here,  even  if  only  two 
elevated  or  subway  tracks  are  used,  rapid  transit  may  be  the  main 
consideration  on  them ,  and  passengers  desiring  to  reach  interme¬ 
diate  points  between  stations  can  transfer  to  the  slower-going 
surface  cars. 

Another  important  matter  concerns  the  use  of  single  cars 
versus  trains  on  rapid  transit  lines,  and  here  again  the  proper 
solution  will  depend  upon  circumstances.  Where  rapid  transit  is 
the  first  consideration,  trains  will  be  used ;  but  where  the  traffic 
is  radiating,  as  in  Boston,  some  subways  may  well  be  planned 
simply  to  carry  surface  cars  through  the  congested  district. 

In  Cincinnati,  consideration  is  now  being  given  to  the  ques¬ 
tion  of  rapid  transit  with  the  object  of  bringing  the  interurban 
lines  which  now  run  into  the  city  from  various  directions  in  a 
subway  to  the  business  district.  Two  essentially  different  plans 
are  here  possible : 

1.  A  loop  line  might  be  built  in  which  trains  might  be  run 
continuously  around  the  circuit,  connecting  with  the  interurban 
lines  and  requiring  transfers  to  and  from  those  lines.  Under 
such  a  system,  every  train  would  clear  a  platform  of  passengers ; 
each  passenger  would  take  the  first  train  arriving  and  would 
change  at  the  proper  point  of  connection  to  take  his  interurban 
car. 

2.  The  interurban  cars  might  all  enter  the  subway  and  run 
to  the  center  of  the  city,  there  looping  back.  This  system  would 
avoid  the  inconvenience  of  making  a  transfer ;  but  on  the  other 
hand,  the  speed  and  capacity  would  be  much  less  than  by  the  first 
plan,  and  each  passenger  at  a  station  would  have  to  wait  until 
his  particular  car  arrived. 

These  problems  are  all  difficult  and  are  all  limited  by  local 
and  financial  considerations.  The  important  question  is,  will  the 
line  pay? 


SWAIN — RAIMI)  TRANSIT  PROBLEM  IN  CITIES 


A  very  important  question  with  relation  to  rapid  transit  lines 
is  this :  By  whom  should  the  subways  be  built  and  owned  ?  Here 
there  are  several  possible  procedures. 

i.  A  subway  may  be  built  and  owned  by  a  private  operating 
corporation.  This  is  the  case  in  London,  where  the  subways  have 
all  been  built  by  private  companies  under  a  perpetual  franchise; 
and  it  is  noteworthy  that  here  not  one  of  the  eight  underground 
lines  can  be  called  a  financial  success,  giving  a  full  and  fair  return 
on  the  capital  invested.  This  result,  however,  is  not  due  entirely 
to  the  fact  that  they  were  built  by  private  capital,  although  this 
fact  may  have  had  something  to  do  with  the  matter;  but  there 
are  various  reasons  which  I  shall  not  here  attempt  to  discuss, 
which  have  brought  about  this  result. 

<?.  The  subways  may  be  built  by  the  city  and  leased  to  the 
operating  company.  This  is  the  case  in  Boston.  It  has  the  ad¬ 
vantage  that  the  city’s  credit  is  used  to  raise  the  funds,  so  that 
the  money  used  costs  less  than  if  raised  by  a  private  corporation. 
The  rental  is  fixed  to  cover  the  interest  and  to  provide  a  sinking 
fund. 

A  modification  of  this  method  is  the  one  used  in  Paris,  where 
the  subways  have  been  built  by  the  city  and  leased,  but  not  at  a 
fixed  rental,  the  company  paying  to  the  city  a  fixed  proportion  of 
the  gross  receipts. 

5.  A  mixed  system  may  be  used,  in  which  the  money  is  pro¬ 
vided  partly  by  the  city  and  partly  by  the  company.  This  is  the 
case  in  New  York  for  the  new  lines  now  being  built. 

The  writer  is  inclined  to  favor  the  Paris  system ;  being  built 
by  the  city  the  project  gains  the  benefit  of  the  city’s  credit,  and  if 
the  construction  is  not  involved  in  politics,  an  economical  line  may 
be  the  result.  However,  the  responsibility  for  this  is  entirely 
upon  the  city.  The  rental  received  from  the  company  will  not 
depend  upon  whether  the  subway  has  been  economically  con¬ 
structed  or  not.  The  city  is,  in  a  manner,  a  partner  in  the  enter¬ 
prise,  and  there  is  accordingly  less  pressure  to  carry  people  for 
I  distances  which  are  unprofitably  long,  or  to  make  the  fares  too 
low,  inasmuch  as  the  city  receives  a  fixed  fraction  of  the  gross 
receipts.  Another  possible  method  is  to  allow  the  company  to 


254  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 

build  at  its  own  expense  and  to  take  out  from  its  gross  receipts 
operating  expenses  and  a  fair  return,  dividing  any  excess  with 
the  city.  There  is  much  to  be  said  in  favor  of  allowing  the  private 
company  to  build  the  line,  but  as  a  result  of  his  experience,  if 
politics  can  be  excluded,  the  writer  is  inclined  to  favor  the  Paris 
or  the  Boston  method. 

Finally,  as  a  result  of  this  consideration,  it  seems  fair  to 
conclude  that,  although  there  is  at  present  a  great  demand  for 
subways  in  our  cities,  and  while  they  are  generally  preferred  by 
the  public  to  elevated  lines,  it  must  not  be  forgotten  that  they  are 
the  most  expensive  form  of  rapid  transit,  and  that  they  are  only 
justified  if  there  is  a  very  heavy,  concentrated,  and  fairly  uniform 
traffic.  In  most  cases,  a  combination  of  subway,  elevated  and  sur¬ 
face  lines  will  bring  about  the  best  results  if  properly  worked  out 
with  reference  to  the  needs  of  each  individual  case. 

[The  lecture  was  continued  by  a  description  of  the  peculiarities  and 
difficulties  encountered  in  the  construction  of  the  Boston  subways,  illus¬ 
trated  by  a  large  number  of  lantern  slides  showing  methods  of  construction 
and  engineering  details.] 


THE  ELECTRIC  FURNACE  FOR  REIlEATIXO, 
HEAT  TREATING  AND  ANNEALING 


By  T.  F.  Baily*. 

More  than  a  quarter  of  a  century  ago  the  first  commercial 
electric  furnace  was  put  into  operation  for  the  melting  of  steel. 
I  his  furnace,  of  less  than  100  k.  w.  capacity,  showed  on  its  pre¬ 
liminary  operation  a  current  consumption  of  1000  k.  w.  hours  per 
ton  of  metal  melted.  Had  this  furnace  been  operated  in  America 
at  the  then  commonly  prevailing  rate  for  electricity,  at,  say,  10 
cents  per  k.w.  hour,  there  would  have  been  little  hope  that  such 
a  process  requiring  a  heating  medium  of  such  great  cost  would 
ever  become  commercial.  In  the  twenty-five  years  that  have 
passed  since  this  early  and  crude  development  of  electric  melting 
and  refining  furnaces,  there  have  been  put  into  service  more  than 
one  hundred  of  these  furnaces,  ranging  in  commercial  capacity 
from  one  to  20  tons,  and  in  electrical  capacity  from  100  to  3000 
k.  w.  Central  stations  that  twenty-five  years  ago  considered  10 
cents  per  kilowatt  hour  a  low  rate  are  now,  with  modern  equip¬ 
ments  of  power  generation,  furnishing  electric  furnaces  with 
current  for  less  than  Y\  of  a  cent.  Electric  furnace  loads  running 
into  thousands  of  kilowatts,  where  now  there  are  but  hundreds, 
operating  continuously  and  with  power  factors  closely  approach¬ 
ing  unity,  will  undoubtedly  cause  central  stations  advantageously 
located  to  look  with  favor  upon  rates  of  ^  cent  a  kilowatt  for 
j  such  loads.  As  the  dominating  factor  in  electric  furnace  opera¬ 
tion  costs  must  always  be  the  cost  per  kilowatt  hour,  the  gradual 
reduction  in  the  cost  of  electric  current  will  greatly  add  to  the 
growth  of  electric  furnace  loads  for  re-heating,  heat-treating  and 
annealing. 

EARLY  METHODS  OF  RE-HEATING  BY  ELECTRICITY 

One  of  the  earliest  attempts  at  electric  heating  was  by  direct 
resistance,  wherein  the  materials  to  be  heated  was  clamped  be- 

the  A p? iL S1 91 5 d Proceed itnh^sMechan ical  Section,  April  6,  and  published  in 
•President,  The  Electric  Furnace  Company  of  America,  Alliance.  Ohio. 
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tween  two  massive  terminals  of  an  electric  circuit,  or,  as  in  the 
water  pail  forge  for  small  material,  where  one  end  of  the  bar 
was  connected  to  a  suitable  terminal  while  the  free  end  of  the 
bar  was  plunged  into  a  bath  of  water  or  other  suitable  liquid 
conducting  material,  which  was  in  turn  connected  to  the  other 
terminal  of  the  electric  circuit.  Both  of  these  methods  have 
two  distinct  disadvantages  which  prevented  them  ever  becom¬ 
ing  commercially  feasible.  The  first  and  most  serious  is  the 
matter  of  obtaining  a  suitable  contact  between  the  material  to 
be  heated  and  the  electric  terminal.  The  other  inherent  disad¬ 
vantage  is  that  at  the  point  where  the  electric  connection  is  made 
that  part  of  the  material  to  be  heated  must  of  necessity  be  of  a 
different  temperature  than  the  rest  of  the  bar.  From  an  operating 
standpoint,  this  method  of  heating  is  very  inconvenient,  as  elec¬ 
trical  connection  must  be  made  for  each  piece  to  be  heated,  and 
on  account  of  the  enormous  current  involved  these  contacts  must 
be  carefully  made  or  there  will  be  serious  burning  of  the  metal 
at  this  point,  which  would  not  only  destroy  the  electrical  terminal 
itself,  but  also  burn  the  bar.  In  any  event,  this  method  of  heating 
could  not  be  adapted  to  any  but  material  of  uniform  cross-section 
and  in  all  probability  there  would  be  a  much  higher  temperature 
in  the  interior  of  the  bar  than  on  the  surface,  due  to  the  peculiar 
heating  effect  of  an  electric  current  flowing  in  a  conductor. 

RE-HEATING  FURNACES  WITH  GRANULAR  RESISTORS 

The  type  of  furnace  that  seems  best  adapted  for  re-heating 
operations  is  the  resistance  type,  in  which  the  material  to  be 
heated  is  entirely  separate  from,  and  independent  of,  the  resist¬ 
ance  elements  in  which  the  heat  is  generated  by  the  electric  cur¬ 
rent.  This  arrangement  makes  for  the  maximum  simplicity  and 
convenience  in  operation.  A  general  description  of  this  type  of 
furnace  is  as  follows  : 

Through  the  side  walls  of  a  furnace  shell  made  of  suitable 
refractories  are  inserted  two  carbon  or  graphite  electrodes.  The 
inner  ends  of  these  electrodes  extend  into  a  trough  of  highly  re¬ 
fractory  material.  This  trough  is  filled  with  the  resistance  ma¬ 
terial  itself,  usually  some  form  of  broken  carbon,  and  makes  con¬ 
tact  at  each  end  with  the  electrodes.  The  outside  ends  of  the 
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electrodes  are  connected  by  means  of  suitable  copper  terminals 
and  cables  to  the  regulating  transformer  and  switch,  by  means 
of  which  the  voltage  impressed  across  the  furnace  is  regulated, 
the  voltage  thrown  on  the  furnace  having  a  definite  relation  to  the 
current  flow  and  heat  input.  The  material  to  be  heated  is  placed 
conveniently  adjacent,  at  the  side  or  above  or  underneath  the  re¬ 
sistance  material  and  its  containers,  as  the  case  may  be. 

In  some  heating  operations  the  actual  cost  of  heating  per  ton 
is  less  with  electric  furnaces  than  with  combustion  furnaces, 
while  in  some  heat-treating  and  annealing  operations  the  pre¬ 
cision  with  which  the  operations  are  carried  on  must  be  the  justi¬ 
fication  for  the  higher  cost  of  heating  in  the  electric  furnace.  In 


a  general  \\a\  it  may  be  stated  that  the  higher  the  temperature  at 
at  which  the  heating  operation  is  conducted  the  higher  the  rela¬ 
tive  economy  in  the  use  of  electric  furnaces.  At  the  lower  tem¬ 
perature  there  is  less  difference  in  the  thermal  efficiency  of  elec¬ 
tric  and  combustion  furnaces,  but  here  the  electric  furnace  shows 
great  superiority  in  the  way  of  temperature  control. 

The  principal  advantage  of  electric  furnaces  over  combustion 
furnaces  for  re-heating  are  more  accurate  temperature  control, 
non-oxidizing  atmosphere,  saving  in  space,  elimination  of  blast  or 
stack,  evenness  of  temperature  throughout  the  heating  space, 

I  simplicity  of  control,  small  amount  of  heat  lost  to  the  surrounding 
atmosphere,  and  cleanliness  of  surroundings, 
i  Electric  furnaces  of  the  character  described  may  be  con¬ 
trolled  with  great  precision,  for  the  reason  that  a  given  input  of 
electric  current  liberates  a  given  quantity  of  heat  units  within  the 
furnace,  the  transfer  of  electric  current  to  heat  being  at  100  per¬ 
cent  efficiency.  The  walls  and  doors  of  the  furnaces  are  the  only 
means  for  the  escape  of  heat  from  the  furnace  in  other  than 
useful  work,  and  this  loss  remains  constant  for  any  given  tem¬ 
perature  and  operating  conditions.  For  a  given  tonnage  of  metal 
to  be  heated  to  a  certain  temperature  in  a  given  time,  it  is  onlv 


necessary  to  know  the  heat  absorbed  by  the  metal  in  coming  to 
the  temperature  and  the  heat  lost  by  conduction  and  radiation 
from  the  furnace.  The  voltage  across  the  furnace  terminals  is 
then  adjusted  so  that  the  kilowatts  per  hour  required  to  deliver 
the  necessary  heat  are  just  sufficient  to  deliver  this  heat.  In  con¬ 
trast  with  this  simple  method  of  delivering  heat  into  the  furnace, 
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the  combustion  furnace  requires  that  a  given  quantity  of  air  be 
mixed  with  the  fuel,  and  this  process  of  converting  chemical  en¬ 
ergy  into  heat  is  not  usually  conducted  at  an  efficiency  closely  ap¬ 
proaching  100  percent,  as  in  the  conversion  of  electricity  into 
heat.  Besides  this,  the  stack  or  discharge  flues  to  the  combustion 
furnace  are  an  ever  present  means  of  carrying  out  what  should 
have  been  useful  heat  under  ideal  operating  conditions.  Any 
variation  in  the  supply  of  air  or  the  supply  of  fuel  in  a  combus¬ 
tion  furnace  quickly  affects  the  temperature ;  and  both  of  these 
do  continually  vary,  both  in  volume  and  pressure. 

In  order  to  obtain  good  commercial  efficiency  in  a  combus¬ 
tion  furnace,  an  excess  of  air  over  the  theoretical  amount  is  re¬ 
quired.  This  excess  of  air  creates  an  oxidizing  atmosphere  in 
the  furnace  chamber  which  results  in  scaling  the  metal  under 
treatment,  resulting  in  a  loss  of  from  1  to  5  percent,  depending 
upon  the  type  of  combustion  furnace,  the  temperature,  and  the 
man  operating  the  furnace.  The  smaller  of  these  figures  applies 
to  annealing  furnaces  of  large  capacity,  while  the  larger  figure 
is  not  uncommon  in  oil  or  gas-fired  heating  furnaces  for  forging 
stock  running  at  high  temperatures.  One  of  the  factors  con¬ 
tributing  to  the  reliabilitiy  of  electric  furnace  operation  is  that 
electric  current  supply,  whether  from  central  station  or  from  iso¬ 
lated  plants,  is  much  more  dependable  than  either  oil  or  gas,  and 
under  more  ready  control  than  even  direct  firing. 

The  space  required  for  electric  furnaces  is  considerably 
smaller  than  that  required  by  combustion  furnaces,  due  to  the 
fact  that  no  stack  nor  combustion  chamber  is  required ;  and  the 
electric  cables  carrying  current  to  the  furnace  requires  much  less 
space  and  are  far  safer  than  gas  or  oil  lines,  and  much  more 
readily  located. 

As  the  heat  from  the  resistance  units  is  thrown  on  the 
hearth  almost  entirely  by  radiation,  the  temperature  of  the  fur¬ 
nace  is  more  readily  kept  uniform  over  the  entire  area  than  in 
combustion  furnaces  where  the  heat  is  delivered  to  the  hearth 
by  the  impigning  heated  gases  or  products  of  combustion.  An¬ 
other  feature  leading  to  evenness  of  temperature  throughout  the 
electric  furnace  is  that  the  resistors  of  the  electric  furnace  may 
be  run  at  only  a  comparatively  small  temperature  above  that  of  the 
hearth  of  the  furnace,  while  the  combustion  furnace,  for  instance 


BAILY - THE  ELECTRIC  FURNACE 


259 

in  an  annealing  operation,  requires  that  the  incoming  gases  from 
the  combustion  chamber  must  of  necessity  be  several  hundred 
degrees  higher  than  the  desired  ruling  temperature  of  the 
furnace. 

Mention  has  already  been  made  of  the  precision  with  which 
electric  current  may  be  supplied  to  the  furnace.  It  should  be 
noted  further,  however,  that  the  instruments  for  indicating  and 
recording  electricity  are  far  more  accurate  than  those  available 
for  indicating  and  recording  the  flow  of  fuels  to  combustion  fur¬ 
naces.  Thus  the  heating  costs  of  electric  furnaces  may  be  very 
readily  obtained  on  any  particular  class  of  work,  as  the  kilowatt 
hours  registered  over  a  given  run  are  readily  ascertained. 

In  the  summer  months  the  heat  given  off  by  combustion  fur¬ 
naces,  either  by  radiation  through  the  walls  of  the  furnace  itself 
from  the  waste  products  of  combustion,  if  small  furnaces  are 
used,  produces  such  extreme  room  temperature  around  the  fur¬ 
naces  as  to  seriously  affect  the  operator  and  markedly  reduce 
the  output  of  the  furnaces.  In  contrast  with  this  the  loss  of  heat 
through  the  walls  of  an  electric  furnace  is  so  small  as  to  be  al¬ 
most  negligible. 

The  actual  theoretical  heat  required  expressed  in  kilowatt 

hours  per  ton  of  metal  is  as  follows  for  heating  to  the  tempera¬ 
ture  given : 


Material 
Iron . 

a 

u 

u 


u 

u 

Copper . 

Bras9 . 

Aluminum .  . 

U 

Silver . 

German  Silver 


TABLE  No.  1. 

Deg.  Fahr. 

.  2200 

.  2000 

.  1800 

.  1650 

.  1500 

.  1250 

.  900 

.  1400 

.  1300 

.  950 

.  750 

.  1300 

.  1300 


K.W.  Hrs. 
Per  Ton 

230 

215 

200 

170 

150 

115 

75 

90 

85 

140 

110 

50 

75 


The  thermal  efficiencies  of  electric  furnaces  vary  greatly 
with  the  size  and  capacity  in  tons  per  hour.  The  wall  loss  on  a 
forging  furnace  of  60  kwv.  capacity  heating  250  lbs.  of  steel  per 
hour  to  2200  deg.  Fahr.,  will  be  approximately  30  k.w.,  showing 
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a  thermal  efficiency  of  50  percent.  A  furnace  of  one  ton  per 
hour  capacity  for  2200  deg.  will  show  an  efficiency  of  75  per¬ 
cent. 

In  annealing  work  a  furnace  of  100  k.w.  per  hour  capacity 
will  heat  600  lbs.  of  metal  to  1650  deg.  with  an  efficiency  of  50 
percent ;  while  a  furnace  of  600  k.w.  capacity  heating  three  tons 
of  steel  per  hour  will  show  an  efficiency  as  high  as  90  percent. 
All  the  above  figures  are  typical  for  the  usual  classes  of  work 
handled  in  the  capacity  named. 


FIRST  COMMERCIAL  FURNACE  FOR  RE-HEATING 

The  first  type  of  these  granular  resistor  furnaces  for  re¬ 
heating  was  designed  for  heating  small  bars  and  billets  such  as 
are  used  for  small  forgings,  and  for  temperatures  up  to  2300 
deg.  The  general  construction  of  these  furnaces  was  as  follows : 
The  furnace  proper  was  constructed  of  fire  brick  much  after  the 
method  of  prevailing  oil  fired  furnaces.  Through  the  sides  of 
the  furnace  were  inserted  large  carbon  electrodes,  the  inner  ends 
protruding  into  the  furnace  chamber.  Foundry  coke  crushed 
to  pea  size  was  placed  in  the  space  between  the  electrodes  and 
formed  the  resistor  of  the  furnace.  The  opening  to  the  furnace 
was  in  front,  and  the  bars  of  metal  to  be  heated  were  placed 
directly  over  the  resistance  body  but  not  in  contact  with  it.  The 
necessary  variable  voltage  supply  to  this  furnace  was  regulated 
by  the  field  rheostat  of  a  small  single  phase  alternator.  This 
furnace  was  run  commercially  for  several  weeks  in  place  of  the 
oil  fired  furnace  usually  used  for  the  hammer,  and  on  various 
sizes  of  material  as  shown  by  the  following  data : 


TABLE  No.  2. 


Time  of 
Charging 

Volts 

Amp. 

No.  Pieces 

Size  Stock 
in  inches 

1st  Cut 

2d  Cut 

All  Out 

9.50 

150 

270 

6 

1^x132 

10.15 

10.25 

10.45 

10.55 

160 

260 

3 

1  J4x  66 

11.11 

11.15 

11.28 

12.23 

150 

270 

8 

1^x180 

12.38 

12.44 

12.55 

1.00 

153 

260 

8 

114x180 

1.12 

1.20 

1.37 
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TABLE  No.  3 


, - 

Time  of 
Charging 

Volts 

Amp. 

No.  Pieces 

Size  Stock 
in  inches 

1st  Cut 

2d  Cut 

All  Out 

9.25 

10.51 

12.32 

1.27 

127 

122 

128 

132 

340 

350 

330 

330 

8 

8 

Metal  unfo 
8 

1  5  ft.  10 

1*^x5  ft.  10 
rged  at  noon. 

1  H*%x5  ft.  10 

9.33 

10.58 

12.38 

1.35 

9.38 
11.01 
12.41 

1.38 

10.42 

11.19 

1.25 

2.44 

TABLE  No.  5 


Time  of 
Charging 


3.55 

4.26 

4.37 

4.57 


Volts 

Amp. 

No.  Pieces 

Size  Stock 
in  inches 

1st  Cut 

2d  Cut 

All  Out 

240 

172 

252 

280 

140 

150 

120 

120 

8 

8 

9 

8 

Vs\27 

H x  9 
%x  22 

Vs*  9 

4.00 

4.30 

4.40 

5.01 

4.02 

4.33 

4.44 

5.04 

4.25 

4.36 

4.55 

5.07 

I.  S,omei  of  the  difficulties  encountered  in  this  furnace  besides 
i  s  rather  low  thermal  efficiency  were  burning  off  of  the  electrodes 
■at  the  point  where  they  emerged  from  the  furnace;  the  burning 
out  of  the  refractory  materials  supporting  the  resistance  material 
itself  trouble  with  electrical  connections  between  furnace  cables 

and  electrodes,  and  great  variation  in  the  electrical  resistance  of 
:he  resistance  material  itself. 


THE  ELECTRIC  FURNACE  FOR  RE-HEATING 

In  the  six  years  that  have  elapsed  since  the  construction  of 
h.s  early  furnace,  these  difficulties  have  been  well  overcome, 
y  the  use  of  a  steel  shell  for  the  outside  wall  of  the  furnace 
astead  of  brick  and  with  this  space  filled  with  suitable  insulat- 

S  matenaI>  the  thermal  efficiency  of  the  small  furnaces  has 
een  very  materially  increased,  as  is  shown  by  the  accompanying 
•  sheet  on  a  .10  k.w.  furnace.  The  burning  off  of  the  elec- 
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trodes  at  the  place  where  they  leave  the  furnace  walls  has  been 
entirely  eliminated,  one  set  of  electrodes  lasting  for  months  at 
a  time  in  continuous  service. 

TEST  OF  A  30-K.W.  ELECTRIC  FURNACE 


Time  of 
Charge 

Wattmeter 
K.W.  Hrs. 

Voltage 

Temp¬ 
erature 
of  Stock 

Number  Pieces 
I}4"x%"xl6" 

Remarks. 

Start  5:15  P.  M. 
5:30 

10971 

10981 

25 

2200 

15 

Estimated  Initial  Temperature 
of  Furnace  2400°  F. 

Start  5:40 

5:55 

10981 

10990 

25 

2200 

15 

Voltage  changed  to  30  at  5:45. 
Voltage  changed  to  25  at  5:50. 

Start  5:55 

6:13 

10990 

10999 

2200 

15 

Start  6:13 

6:30 

10999 

11009 

25 

2200 

15 

Voltage  changed  to  30  at  6:28. 

Start  6:30 
*  6:50 

11009 

11019 

30 

2200 

15 

Voltage  changed  to  25  at  6:40. 
Voltage  changed  to  30  at  7:20. 

Start  7 :28 

7:49 

11033 

11052 

30 

2200 

15 

Voltage  changed  to  25  at  7:41. 

Start  7 :54 

8:12 

11055 

11068 

25 

2200 

15 

Voltage  changed  to  30  at  7:54. 
Voltage  changed  to  25  at  8:05. 

Start  8:18 

8:33 

11072 

11080 

25 

2200 

15 

Voltage  Not  Changed. 

Start  8:38 

8:56 

11082 

11093 

25 

2200 

15 

Voltage  changed  to  30  at  8:48. 

Start  9:01 

9:20 

11098 

11110 

30 

2200 

15 

Voltage  changed  to  25  at  9:03. 

Start  9:27 

9:43 

11112 

11120 

25 

2200 

15 

Voltage  Not  Changed. 

Start  9:49 

10:20 

11122 

11138 

25 

2200 

15 

Voltage  changed  to  30  at  10:00. 
Voltage  changed  to  25  at  10:11. 

J 


Duration  of  Test,  5  hrs.  5  min. 

No  Resistance  Material  Used.  Current  left  on  at  20  Volts. 
11138—10971  =167  K.W.  Hrs.  Power  Used. 

IK  X  ^  X  16  X  0.2834  =  4.25  lbs.  Weight  per  Bar  of  Steel. 

15  X  12  =  180  Total  Number  of  Bars  Heated  to  2200°  Fahr. 

4.25  X  180  =  765  Total  Number  of  lbs.  of  Steel  Heated  to  2200°  Fahr. 

7 

167  IW  =  21,83  K,W-  Hr3,  per  100  lbs*  of  Metal  Heated- 

20  X  21.83  =  436.6  K.W.  Hrs.  per  Ton  of  Metal  Heated. 

Temperature  Difference  2150  Degrees. 

Specific  Heat  of  Steel  0.199  Approx. 

2150  X  0.199  X  765  =  327.305  B.t.u.  Required  to  heat  metal. 

167  X  3412  =  569.804  B.t.u.  used  in  Furnace. 

327.305  ___  t-izt;  • 

569.804  “  ,o7°  Efficiencr* 

*One  piece  removed  that  had  obtained  required  temperature 


The  troubles  encountered  in  connecting  the  electric  cables  to 
the  electrodes  have  been  eliminated,  so  that  no  trouble  is  experi¬ 


enced  now  from  this  source.  For  furnace  temperatures  not  ex¬ 
ceeding  2500  deg.  Fahr.,  this  type  of  furnace  will  answer  every 
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reasonable  requirement,  and  in  operating  cost  will  compare  very 
favorably  with  oil  furnaces,  figuring  electrical  energy  at  1  cent  per 
kilowatt  hour  and  oil  at  4  cents  per  gallon,  so  far  as  actual  fuel 
cost  alone  is  concerned,  while  there  is  an  additional  saving  due 
to  the  non-oxidizing  of  the  metal  amounting  to  a  saving  of  from 
2  to  5  percent  of  the  metal  heated.  This  type  of  furnace  is 
suitable  for  tonnages  up  to  one  ton  per  hour  capacity,  and  billets 
not  exceeding  four  feet  in  length. 


CONTINUOUS  FURNACES 


For  furnaces  in  capacities  of  one  ton  per  hour  and  above, 
the  continuous  type  of  billet  heating  furnace  offers  some  ad¬ 
vantage  in  economy  as  well  as  in  mechanical  operation,  as  in 
the  continuous  type  only  the  discharge  end  of  the  furnace  reaches 
the  full  ruling  temperature,  the  lower  temperature  of  the  feeding 
end  reducing  wall  loss  of  the  furnace  very  materially.  The  fol¬ 
lowing  calculation  of  a  heat  balance  sheet  may  be  taken  as  typical 
for  this  type  of  continuous  billet  heating  furnace  heating  material 
to  2C00  degrees : 

Capacity  io  tons  per  hour;  temperature  2000  deg.;  wall  loss  in 
k.w.  hour  250;  theoretical  heat  required  per  hour  by  metal  in  k.w. 
2150;  kilowatt  hours  per  ton  of  metal  heated  240;  cost  of  heating 
per  ton  with  current  at  H c  per  k.w.,  $1.20. 


This  figure  of  cost  per  ton  of  metal  heated  becomes  prohibi¬ 
tive  unless  account  is  taken  of  the  metal  loss  due  to  the  oxidiz¬ 
ing  influence  of  the  flame  in  gas  fired  billet  heating  furnaces. 
Even  making  allowances  of  2  percent  on  $20  steel,  this  type  of 
furnace  seems  to  have  no  prospect  of  competition  for  large  ton¬ 
nages  unless  the  cost  of  electric  current  is  under  the  rate  named 


in  the  above  tabulation.  In  heating  higher  grades  of  steel,  es¬ 
pecially  steel  of  crucible  quality,  the  saving  in  scale  over  any  com¬ 
bustion  furnace  practice  will  far  outweigh  the  higher  cost  of 
heating  by  the  electric  furnace. 


. 

COMBINATION  GAS  AND  ELECTRIC  FURNACES 

. 

In  large  tonnages  of  heavy  billets  a  combustion  furnace  using 
producer  gas  firing  to,  say,  1500  deg.  Fahr.,  or  above,  and  heating 
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from  this  temperature  to  the  desired  rolling  temperature  by  elec¬ 
tricity,  offers  advantages  of  low  fuel  cost  per  ton  of  metal  heated, 
at  the  same  time  a  minimum  amount  of  oxidation  of  the  metal,  as 
the  low  ruling  temperature  of  the  gas  end  will  permit  a  high  ther¬ 
mal  efficiency  even  with  a  non-oxidizing  flame,  while  the  final 
heating  is  done  in  the  electric  end  of  the  unit  which  is  readily 
maintained  under  a  reducing  atmosphere.  Such  a  furnace  as  this 
can  be  expected  to  show  a  thermal  efficiency  in  the  gas  end  of  50 
percent  and  in  the  electric  end  75  percent.  With  coal  at  $2.00  per 
ton  and  electricity  at  ]/2  cent  per  kilowatt,  the  total  cost  of  heating 
should  not  exceed  for  coal  alone  10  cents  and  electricity  32^/2 
cents,  making  a  total  cost  of  42^4  cents  per  ton.  This  cost  com¬ 
pared  with  a  direct  fired  heating  furnace  having  a  coal  consump¬ 
tion  of  200  pounds  per  ton  of  metal  heated,  would  show  an  excess 
cost  for  the  combination  gas  and  electric  furnace  of  22^4  cents  per 
ton.  But  with  a  saving  of  2  percent  in  metal  worth  $20  a  ton,  the 
combination  gas  and  electric  furnace  would  show  an  actual  saving 
of  17 y2  cents  per  ton  of  metal  heated,  besides  giving  to  the  metal 
all  the  advantages  of  the  precision  in  uniform  temperature 
throughout  the  billets,  as  well  as  a  uniform  rolling  temperature. 

SOAKING  PITS 

The  type  of  electric  furnace  which  seems,  however,  to  be 
destined  to  have  the  largest  commercial  application  in  rolling  mill 
operations  is  the  soaking  pit,  and  it  is  doubtful  whether  any  gas 
fired  pits  of  large  size  can  compete  in  cost  of  operation  with 
electric  pits  where  current  is  supplied  at  the  usual  rates  of 
electric  current  available  for  this  service,  provided  the  ingots 
are  charged  hot  into  the  furnace.  A  heat  balance  sheet  for 
a  hour-hole  soaking  pit  holding  sixteen  3^4-ton  ingots  and  hav¬ 
ing  passed  through  it  648  tons  per  24  hours  would  be  as  follows, 
assuming  a  wall  loss  of  500  kilowatts  per  hour. 

With  ingots  stripped  hot,  interiors  molten,  no  heat  required 
for  the  metal  itself,  the  current  consumption  would  then  be  500 
k.w.  hours  per  27  tons  of  ingots,  or  less  than  20  k.w.  hours  per  ton 
of  ingots  soaked.  With  ingots  averaging  1650  deg.,  the  current 
consumption  for  27  tons  per  hour  would  amount  to  1620  k.  w. 
per  hour,  or  a  current  consumption  of  60  k.w.  hours  per  ton 
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absorbed  by  the  metal.  To  this  should  be  added  10  k.w.  hours 
per  ton  as  wall  loss.  1'his  higher  figure  for  wall  loss  per  ton  of 
metal  heated  being  due  to  the  reduced  capacity  of  the  pit  in  tons 
per  hour  when  handling  the  cold  ingots  on  account  of  the  longer 
time  required  for  heating  or  soaking.  Thus  the  current  con¬ 
sumption  for  ingots  charged  at  1650  deg.  would  be  100  k.w. 
hours  per  ton.  With  cold  ingots  the  heat  absorbed  by  the  metal 
will  be  230  k.w.  hours  per  ton,  and  with  a  wall  Hss  under  this  con¬ 
dition  of  185  k.w.  hours  per  ton,  315  k.w.  hours  per  ton  would 
be  the  current  required  for  cold  ingots.  But  as  cold  ingots  are 
a  rather  small  percentage  of  the  total  ingots  handled  in  a  modern 
steel  mill,  these  high  figures  are  of  no  serious  consequence  in  con¬ 
sidering  electric  furnaces  for  soaking  pit  operations.  It  is  ap¬ 
parent  from  these  calculations  that  electric  soaking  pits  can  com¬ 
pete  with  gas-fired  pits,  even  where  moderately  hot  stripping  and 
charging  is  practiced.  Besides  this,  the  electric  pit  as  in  the  heat¬ 
ing  furnaces  mentioned  before,  has  the  advantage  of  a  non-oxi¬ 
dizing  atmosphere,  which  will  mean  a  saving  of  from  I  to  2  per¬ 
cent  of  the  weight  of  ingots  put  through  the  pit.  Another  advan¬ 
tage  worthy  of  note  is  that  an  electric  pit  will  take  only  one-third 
the  space  of  a  gas-fired  pit  of  the  same  capacity.  A  feature  of 
even  greater  importance  than  almost  any  other  is  the  elimination 
of  surface  defects  in  the  ingots,  due  to  scale  or  oxidation,  a 
matter  now  receiving  considerable  attention  by  steel  makers. 

ELECTRIC  FURNACES  FOR  HEAT  TREATING  AND  ANNEALING 

The  rapid  growth  of  the  practice  of  heat-treating  and  a 
realization  of  the  precision  with  which  this  treatment  must  be 
carried  on  in  order  to  secure  uniform  results,  has  opened  a  par¬ 
ticularly  desirable  field  for  the  electric  furnace,  especially  as  the 
electric  furnace  can  be  more  accurately  controlled  and  a  greater 
uniformity  of  heat  throughout  the  furnace  maintained  in  commer- 
mercial  operation  than  with  combustion  furnaces.  A  compara¬ 
tively  slight  variation  in  either  blast  pressure  or  fuel  supply  in  a 
combustion  furnace  very  quickly  affects  the  ruling  temperature, 
while  in  the  electric  furnace,  owing  to  the  comparatively  great 
mass  of  heated  refractory  material  of  walls  and  roof  acting  as  a 
heat  storage  or  accumulator,  the  variation  in  temperature  is  re- 
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duced  to  a  minimum.  In  practice  the  current  may  be  off  for 
periods  of  an  hour  at  a  time  without  affecting  the  temperature 
more  than  a  few  degrees.  This  type  of  furnace  may  be  described 
as  follows :  In  the  usual  steel  shell  is  constructed  an  arched  roof 
of  fire  brick,  so  arranged  as  to  reflect  the  heat  radiated  from  the 
resister  troughs  onto  the  hearth  located  between  the  two  resister 
units  running  lengthwise  of  the  furnace.  The  material  to  be 
heated  is  handled  through  the  door  of  doors  of  the  furnace  lo¬ 
cated  in  the  end  walls.  The  hearth,  if  not  subject  to  mechanical 
abrasion,  is  made  of  suitable  fire  brick.  Where  the  abrasion  is 
likely  to  be  severe,  cast  iron  plates  replace  the  fire  brick.  A  heat 
balance  sheet  of  a  furnace  of  this  type  of  100  k.w.  capacity  and 
the  hearth  area  5  by  6  feet  and  heating  600  lbs.  per  hour  to  1650 
deg.  Fahr.,  will  show  the  following  efficiencies : 

Heat  absorbed  by  the  metal  50  k.w. 

Heat  lost  through  the  walls  35  k.w. 

Heat  lost  through  the  doors  and  door  openings,  due  to  the  frequent 
charging  and  withdrawing,  15  k.w. 


CONTINUOUS  FURNACES 

For  furnaces  of  more  than  one-half  ton  per  hour  capacity, 
and  for  higher  thermal  efficiencies,  the  continuous  type  of  furnace 
is  desirable.  The  material,  if  of  uniform  section,  is  pushed 
through  the  furnace  by  direct  application  of  the  pusher  to  the 
material  to  be  heated.  If  the  parts  are  small  or  liable  to  buckle 
if  direct  pressure  is  exerted  on  them,  they  are  placed  in  pans 
or  steel  boxes,  these  containers  being  pushed  through  one  at 
a  time.  If  the  material  is  in  the  form  of  rods  that  may  be 
handled  through  the  furnace  lengthwise,  as,  for  instance,  copper 
and  brass  rods  or  tubes,  this  material  may  be  placed  on  steel 
pans  and  drawn  through  the  furnace  by  means  of  hook  and 
chain,  as  is  common  in  brass  mill  practice.  A  typical  furnace  of 
the  continuous  type  for  annealing  German  silver  or  brass  stamp¬ 
ings  in  steel  pans  has  a  hearth  15  feet  long  by  two  feet  wide, 
and  a  rated  electrical  capacity  of  200  kilowatts.  A  mechanical 
charger  operated  by  a  motor  driven  winch  with  hand  operated 
clutch  pushes  the  pans  in  through  the  charging  door  one  after 
another,  seven  pans  being  in  the  furnace  at  one  time.  The  pans 
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passing  through  the  furnace  are  supported  by  a  hearth  made  of 
cast  iron  grids  each  two  feet  square.  The  pan  when  discharged 
is  dumped  automatically  into  a  water  sealed  discharge  hood. 
The  metal  under  treatment  falls  into  a  tank  of  either  clear  water 
or  pickling  solution,  depending  upon  the  cleanliness  of  the  ma¬ 
terial  before  it  is  charged,  ihe  pan  is  caught  by  two  rails  and 
held  suspended  above  the  trough.  It  may  be  taken  out  from  under 
the  water-sealed  hood  through  the  counter-balanced  swing  door. 

In  operating  the  furnace,  a  pan  filled  with  material  to  be 
treated  is  placed  on  the  runway  in  front  of  the  pusher.  The 
small  hand  lever  near  the  top  of  the  furnace  frame  operates  the 
clutch  on  the  motor-driven  winch  on  top  of  the  furnace.  The 
first  movement  of  the  cylinder  raises  both  doors  enough  to  admit 
the  pans,  which  are  three  inches  high ;  a  stop  on  the  cable  holds 
the  doors  at  this  height  while  the  pan  of  fresh  material  is  pushed 
into  the  furnace.  As  the  fresh  pan  enters,  the  pan  at  the  discharge 
end  is  pushed  onto  a  dumping  carriage,  its  own  weight  auto¬ 
matically  tips  the  pan  dumping  the  contents  into  a  hopper,  the 
lower  end  of  which  is  submerged  in  the  quenching  tank;  the 
annealed  material  falls  into  a  perforated  copper  basket,  which 
at  intervals  is  lifted  out  of  the  quenching  tank.  As  the  pan  starts 
to  tilt,  the  pusher  carriage  is  pulled  out  of  the  charging  end  and 
the  doors  are  dropped.  Thus  in  this  furnace  the  material  is  not 
exposed  to  the  atmosphere  at  any  time  after  entering  until  taken 
cold  from  the  quenching  tank.  This  entirely  eliminates  the  possi¬ 
bility  of  oxidation  as  the  furnace  itself  has  a  reducing  atmo¬ 
sphere.  A  heat  balance  sheet  of  this  furnace  annealing  German 
silver  at  1400  deg.  Fahr.,  shows  the  following: 

Heat  absorbed  by  2000  lbs.  of  metal.  80  k.w. 

Heat  absorbed  by  400  lbs.  of  steel  pans,  28  k.w. 

Heat  lost  through  walls  and  doors,  24  k.w. 

A  heat  balance  sheet  of  this  furnace  heating  1500  lbs.  of 
steel  per  hour  to  1650  deg.  will  show  the  following: 

Heat  absorbed  by  400  lbs.  of  pans,  34  k.w. 

Heat  absorbed  by  1500  lbs.  of  metal,  \27]/2  k.w. 

Heat  lost  through  walls  and  doors,  30  k.w. 

The  advantage  of  this  type  of  furnace  over  the  non-continu- 
ous  furnace  is  a  lower  labor  cost  and  the  fact  that  the  material 
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when  brought  to  the  desired  temperature  may  be  more  quickly 
removed,  eliminating  largely  the  danger  of  over-heating,  and  at 
the  same  time  allowing  the  material  under  treatment  to  be 
brought  to  temperature  more  gradually. 

AUTOMATIC  CONTINUOUS  FURNACES 

The  type  of  furnace  best  adapted  to  heat-treating  which  re¬ 
quires  precision,  is  the  automatic  continuous  type,  wherein  the  ma¬ 
terial  under  treatment,  when  brought  to  the  predetermined  tem¬ 
perature,  is  automatically  discharged  either  into  the  air  or  into 
some  quenching  medium.  This  method  of  operation  reduces  the 
human  element  and  the  chance  of  error  to  a  minimum.  The  only 
part  of  the  operation  dependent  on  the  operator  is  the  placing  of 
the  material  to  be  heated  on  the  charging  platform.  When  the 
material  at  the  discharge  end  of  the  furnace  reaches  the  maximum 
temperature,  a  special  pyrometer  closes  an  electrical  circuit,  which 
in  turn  closes,  through  a  suitable  relay,  the  solenoid  operated 
radial  dial  switch ;  the  various  electrical  circuits  in  turn  operate 
the  doors,  pusher  and  quenching  apparatus. 

A  typical  two-furnace  equipment  of  this  type  having  three 
operations,  heating  above  the  critical  point,  quenching  and  re¬ 
heating  for  drawing,  consists  of  the  following  parts:  Two  fur¬ 
naces,  a  quenching  tank,  a  quenching  machine,  a  control  pulpit 
and  two  contact-making  pyrometers.  As  all  the  motions  of  the 
equipment  are  controlled  from  one  radial  dial  switch,  the  equip¬ 
ment,  when  once  adjusted,  is  so  interlocked  that  no  material  can 
get  through  the  furnace  unless  it  is  first  heated  to  the  exact  tem¬ 
perature  (a  maximum  of  5  deg.  Fahr.  is  allowed).  Immediately 
upon  reaching  this  temperature  it  is  quenched  and  allowed  to  re¬ 
main  in  the  quenching  bath  a  stipulated  time;  at  the  end  of  this 
time  it  is  withdrawn  from  the  bath  and  placed  on  the  charging 
platform  of  the  drawing  furnace.  When  the  material  at  the  dis¬ 
charge  end  of  the  drawing  furnace  reaches  the  desired  tempera- 
ture,  the  pyrometer  of  this  furnace  sets  in  operation  the  operating 
mechanism,  pushing  into  the  furnace  the  material  just  brought 
out  of  the  quenching  bath  and  at  the  same  time  discharging  the 
material  that  has  come  to  temperature. 

It  is  only  by  this  automatic  method  that  the  highest  class  of 
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work  in  heat-treating  can  be  done,  as  the  only  part  of  the  opera¬ 
tion  depending  on  the  human  factor  is,  as  mentioned  above,  the 
placing  of  the  material  to  be  heated  on  the  charging  platform  of 
the  first  furnace. 

I  he  greatest  feature  and  one  that  cannot  be  emphasized 
too  greatly  is  that  when  the  material  is  delivered  at  the  dis¬ 
charge  end  of  the  equipment  it  has  received  the  treatment  as  per 
the  setting  of  the  control  equipment,  and  nothing  else.  The 
greatest  objection  to  heat-treatment  as  generally  practiced  today 
with  combustion  furnaces  is  due  to  the  inability  to  obtain  dupli¬ 
cate  results.  1  he  automatic  equipment  just  described  eliminates 
the  uncertainties  of  non-automatic  equipments  and  enables  heat- 
treating  to  be  done  with  as  great  a  precision  as  it  is  possible  to 
measure.  \\  hile  with  hand  operation  it  is  possible  to  obtain  ex¬ 
cellent  results  in  actual  practice  at  times,  a  considerable  portion 
of  the  material  treated  will  fall  below  the  standard  as  determined 
by  physical  tests.  1  he  automatic  equipment  gives  every  piece  ex¬ 
actly  the  same  treatment. 

A  tabulation  of  the  results  that  may  be  obtained  with  costs 
of  such  a  treatment  as  has  just  been  described,  is  as  follows: 


TABLE  No.  6. 
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Treated 
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1  50 

68% 

153^ 
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0.65 

Untreated 

121  000 

40  000 

10 

24 

o  /o 

0.65 

Treated 

169  000 

— 1 

115  000 

7 

34 

— 

1  50 

40% 

188% 

5% 

Treatment  consisting  of  heating  to  850  degrees  C.,  quenching  in  water,  reheating  to  550  degrees  (' 

Data  taken  from  Harbord  &  Hall. 


It  will  thus  be  seen  that  for  a  comparatively  small  cost  steel 
of  much  better  physical  qualities  is  obtained. 


CONCLUSION 

In  conclusion  it  may  be  stated  that  the  small  electric  re¬ 
heating  furnaces  are  commercially  feasible  from  a  fuel  stand¬ 
point  alone,  where  the  current  consumption  per  ton  is  400  k.w. 
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hours  and  the  rate  is  1  cent  per  k.w.  hour,  compared  with  oil 
where  the  consumption  per  ton  is  100  gallons  at  a  cost  of  4 
cents  per  gallon,  or  natural  gas  where  the  consumption  per  ton 
is  12  000  cubic  feet  at  33  cents  per  1000  cu.  ft.  With  an  allowance 
made  for  the  saving  of  metal  due  to  absence  of  scaling  in  the 
electric  furnace,  the  saving  in  heating  cost  per  ton  on  the  above 
will  be  that  percentage  of  saving  multiplied  by  the  cost  of  steel 
per  ton ;  as,  for  instance,  5  percent  saving  on  an  automobile  steel 
worth  $50  per  ton,  or  a  net  saving  of  $2.50  per  ton  of  metal 
heated.  On  this  basis  of  metal  saving  and  with  a  consumption  of 
100  gallons  of  fuel  oil  per  ton,  in  order  to  compete  with  elec¬ 
tricity  at  1  cent,  oil  would  have  to  cost  not  to  exceed  iy2  cents 
per  gallon ;  or  with  oil  at  3  cents  the  fuel  consumption  would 
have  to  be  under  50  gallons  per  ton. 

Electric  furnaces  of  the  continuous  type  of  five  tons  per  hour 
capacity  will  show  commercial  economy  over  coal-fired  furnaces 
of  the  same  capacity  which  require  200  pounds  of  coal  per  ton  of 
steel,  with  coal  at  $2  per  ton,  while  the  electric  furnaces  require 
an  electric  current  consumption  of  250  k.  w.  hours  per  ton,  current 
at  ^4  cent  per  kilowatt  hour,  with  a  metal  saving  of  3  percent 
over  coal  firing,  heating  a  steel  worth  $35  per  ton. 

The  further  advantage  of  electric  furnaces  will  be  evenness 
in  temperature  throughout  the  billet,  and  uniformity  of  tempera¬ 
ture  one  billet  with  another. 

The  combination  gas  and  electric  furnace  will  show  com¬ 
mercial  efficiency  compared  with  producer  gas  fired  furnaces 
using  200  lbs.  of  $2  coal  per  ton,  while  the  combination  gas  and 
electric  furnace  uses  100  lbs.  of  coal  per  ton  of  metal  for  heating 
to  1400  deg.  Fahr.,  and  100  k.  w.  hours  per  ton  in  heating  from 
1400  deg.  to  2000  deg.,  current  at  cent  per  kilowatt  hour,  coal 
at  $2,  and  with  a  metal  saving  of  2  percent  on  steel  valued  at 
$20  per  ton. 

In  the  case  of  soaking  pits,  the  advantage  in  favor  of  elec¬ 
tric  pits  is  more  marked  in  the  way  of  commercial  saving  than 
any  of  the  other  electric  heating  furnaces  mentioned,  on  account 
of  the  elimination  of  the  usual  metal  loss  by  oxidation  of  2  per¬ 
cent  which  occurs  in  producer  gas  fired  pits.  With  steel  valued 
at  $20,  this  item  alone  is  40  cents  per  ton.  To  this  add  a  fuel 
cost  of  5  cents  per  ton,  making  a  total  cost  of  45  cents  per  ton 
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of  ingots  soaked  in  producer  gas  tired  pits.  Electric  soaking 
would  cost  only  10  cents  per  ton,  current  consumption  being 
k.  w.  hours  per  ton  of  ingots,  and  the  current  at  cent  per 
kilowatt  hour.  1  his  would  mean  a  saving  of  35  cents  per  ton 
over  the  prevailing  method  of  operation,  besides  giving  the  ad¬ 
ditional  advantage  of  saving  in  space,  and  ingots  with  surfaces  as 
clean  as  when  charged  into  the  pit. 

In  heat-treating  the  saving  in  operating  cost  of  electric  fur¬ 
naces  over  combustion  furnaces  in  most  cases  must  come  in  the 
elimination  of  oxidation — as,  for  instance,  on  high-grade  steel, 
brass  and  non-ferrous  metals,  eliminating  large  expense  in  acid, 
and  in  labor  for  the  pickling  operation.  In  addition  to  this,  the 
advantage  which  outweighs,  perhaps,  all  others  is  the  precision 
with  which  electric  heat-treating  may  be  done.  It  is  obvious  that 
it  is  useless  to  heat-treat  a  series  of  parts  that  may  go  to  make  up 
a  steel  structure,  as  a  bridge,  a  line  of  rails,  or  a  set  of  springs  or 
axles  of  a  locomotive,  if  the  method  of  heat-treatment  is  such 
that  dependence  cannot  be  fully  made  on  the  gain  in  physical 
properties.  I  he  failure  of  a  single  member  of  the  bridge  or  a 
single  rail  or  a  spring  or  axle,  is  almost  certain  to  cause  a  ca¬ 
tastrophe  ;  hence,  without  absolute  precision  in  temperature  and 
method  for  producing  that  temperature  in  every  piece  alike,  vital 
parts  of  a  structure  or  a  machine  must  be  figured  on  the  basis  of 
untreated  parts,  necessitating  a  greatly  increased  weight  over 

that  of  a  design  relying  on  the  greater  strength  of  heat-treated 

parts. 

The  automatic  electric  furnaces  described  above  give  this 
precision ;  and  when  the  material  to  be  treated  has  come  through 
the  furnace,  it  is  certain  that  it  has  had  the  prescribed  treatment, 
and  nothing  else. 

The  user  of  steel  today  is  willing  to  pay  the  additional  cost 
for  the  additional  physical  qualities  to  be  obtained  by  proper  heat- 
treatment;  but  he  has  never  been  willing  and  never  will  be  willing 
to  pay  for  the  so-called  heat-treatment  that  has  in  too  many  cases 
consisted  of  simply  putting  the  material  through  a  furnace.  Physi¬ 
cal  qualities  of  the  highest  character  have  been  obtained  from  time 
to  time  by  treatment  in  combustion  furnaces,  but  it  is  almost  im¬ 
possible  to  obtain  duplicate  results  from  day  to  day,  owing  to  the 
many  variables,  including  the  greatest  of  all,  the  human  element. 
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The  automatic  electric  furnace  requires  the  minimum  of  atten¬ 
tion  in  its  regulation,  and  the  human  element  is  eliminated  com¬ 
pletely  in  the  cycle  of  operation,  excepting  in  placing  the  ma¬ 
terial  on  the  charging  platform  of  the  furnace. 

When  the  engineer  realizes  that  for  an  additional  cost  of 
from  $2  to  $3  per  ton  he  can  with  certainty  get  the  full  value  of 
results  possible  with  heat-treatment,  the  demand  for  heat-treated 
material  will  be  a  great  many  times  larger  than  it  is  today. 

Electric  furnaces  have  come  to  stay,  and  while  in  the  past  a 
great  deal  of  bad  steel  has  been  made  in  all  classes  of  electric 
furnaces,  it  must  be  realized  that  the  same  sort  of  operators  would 
probably  have  made  a  great  deal  worse  steel  in  any  other  kind  of 
furnace.  The  application  of  electric  furnaces  in  melting  and  re¬ 
fining,  and  in  heating  and  heat-treating,  has  only  begun,  and 
while  the  total  current  now  used  in  this  country  in  electric  steel 
furnaces  is  only  a  few  thousand  kilowatts  at  this  time,  within  the 
next  ten  years  it  should  be  several  hundred  thousand  kilowatts. 
With  the  growth  of  electric  furnace  loads  with  their  high  load 
factor  and  power  factor,  the  cost  of  current  per  kilowatt  hour 
will  be  materially  reduced,  so  that  even  electric  smelting,  when 
the  high  quality  of  pig  iron  thus  produced  is  taken  into  considera¬ 
tion,  may  become,  even  in  this  district,  commercially  feasible  for 
the  better  grades  of  iron  to  be  used  in  the  manufacture  of  high- 
grade  steels ;  while  electric  furnaces  for  heat-treating,  re-heating 
and  the  soaking  of  ingots  will  have  come  to  hold  the  same  relation 
and  importance  in  industrial  heating  operations  as  the  electric 
motor  now  holds  in  the  field  of  industrial  power. 


DISCUSSION 

Mr.  C.  G.  Schluederberg  :*  In  reading  over  Mr.  Baily’s 
very  interesting  and  comprehensive  paper,  there  come  to  mind 
one  or  two  points  on  which  further  information  would  be  of 
considerable  value. 

Nothing  is  said  throughout  the  paper  in  regard  to  the  first 
cost  of  electric  furnaces  and  comparison  of  these  costs  with 
those  of  corresponding  gas  furnaces.  The  discussion  of  com¬ 
parative  maintenance  and  repair  expense  of  gas  and  electric 
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furnaces  would  also  be  of  considerable  interest.  Manifestly,  the 
electric  heat  treating,  annealing  or  soaking  pit  furnace  will  not 
require  expensive  flues,  checker  work  or  stacks.  On  the  other 
hand,  electric  furnaces  require  proper  means  for  conducting  cur¬ 
rent  to  the  furnace  and  for  installing  and  maintaining  the  re¬ 
sistor  heater. 

More  information  in  regard  to  the  arrangement  of  the  re¬ 
sistor  heater  in  various  types  of  furnaces  under  discussion  would 
be  of  interest. 

There  is  no  question  but  that  half-cent  energy  is  entirely 
within  the  bounds  of  reason,  but  to  the  best  of  the  writer’s 
knowledge,  it  is  very  difficult,  if  not  impossible,  to  obtain  this 
anywhere  in  the  United  States  at  the  present  time. 

The  large  proportion  of  heat  lost  through  the  walls  of  the 
furnaces  suggests  this  as  a  field  for  experiment  with  a  view 
towards  all  possible  saving  of  energy.  As  a  matter  of  fact,  the 
general  subject  of  radiation  and  transference  of  heat  through 
furnace  walls  has  received  considerable  attention  from  a  number 
of  investigators  during  the  past  few  years  as  is  evidenced  bv 
the  papers  presented  under  this  subject  before  the  American 
Electro-Chemical  Society.  A  few  words  from  Mr.  Baily  in  re¬ 
gard  to  what  has  been  achieved  along  these  lines  would  cer¬ 
tainly  prove  acceptable.  Also,  discussion  of  other  types  of  re¬ 
sistors  besides  carbon  will  be  of  value  as  a  number  of  heat  treat¬ 
ing  and  annealing  furnaces  are  in  use  by  manufacturers  of  auto¬ 
mobiles,  automobile  parts,  axles,  etc.,  which  furnaces  make  use 
of  various  types  of  metal  resistors.  The  application  of  electric 
furnaces  (for  heat  treating  purposes)  which  involve  the  use 
of  molten  or  liquid  resistors  is  of  considerable  interest  at  this 
time  in  view  of  certain  developments  such  as  the  Hering,  and 
other  furnaces.  In  all  such  cases  the  accuracy  of  temperature 
control  as  pointed  out  by  Mr.  Baily  is  of  vital  importance  and 
cannot  be  emphasized  too  strongly.  Also,  as  pointed  out  by  Mr. 
Baily,  the  absence  of  scale  is  an  important  factor  in  enabling 
steel  manufacturers  to  meet  rigid  requirements  for  perfect  finish 
which  are  now-a-days  put  up  to  them. 

There  is  one  statement  made  by  Mr.  Baily,  in  the  latter  part 
of  the  second  paragraph  of  his  paper,  in  regard  to  the  “higher 
temperature  in  the  interior  of  a  bar  than  on  the  surface  due  to 
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the  peculiar  heating  effect  of  an  electric  current  flowing  in  a 
conductor.”  The  exact  meaning  is  not  quite  clear  here  as 
usually  in  alternating  current  of  any  amount  flowing  in  a  con¬ 
ductor  tends  to  concentrate  itself  on  the  outer  layers  of  the  con¬ 
ductor,  producing  what  is  ordinarily  known  as  skin  effect.  It 
has  been  proven  by  experiment  that  in  a  heavy  copper  conductor 
carrying  a  large  amperage  the  density  in  the  center  of  the  con¬ 
ductor  is  but  a  small  percentage  of  the  density  in  the  outer  layers 
of  the  conductor.  Possibly  Mr.  Baily  meant  to  imply  that  on 
account  of  the  radiation,  heat  would  be  conducted  away  from  the 
surface  of  the  conductor  at  such  a  rate  as  to  maintain  this  at  a 
temperature  considerably  below  that  of  the  interior  of  the  bar, 
but  this  is  hardly  possible  since  the  conduction  of  heat  through 
a  metal  is  certainly  much  greater  than  the  conduction  of  heat 
through  air.  Possibly  Mr.  Baily,  in  putting  his  statement  on 
paper,  has  simply  stated  the  contrary  of  what  he  had  in  mind. 

The  writer  is  heartily  in  accord  with  Mr.  Baily’s  optimistic 
view  of  the  use  of  electric  furnaces  for  the  purposes  covered  by 
the  paper.  Undoubtedly  the  next  two  or  three  years  will  see 
several  hundred  percent  increase  in  the  use  of  these  furnaces, 
at  least  for  the  purpose  of  heat  treating  and  annealing. 

Dr.  Jos.  W.  Richards:*  There  were  probably  200  electric 
steel  furnaces  in  operation  in  June,  1914,  with  a  maximum 
capacity  of  25  tons  of  melted  steel.  An  electric  pig-iron  furnace 
of  7500  kw.  is  in  operation  in  Sweden. 

Combustion  furnaces,  contrary  to  the  general  opinion,  oper¬ 
ate  quite  extensively  by  radiation  from  the  flame;  in  fact,  at 
temperatures  above  1000  deg.  Fahr.  one  may  say  that  more  of 
the  effective  heating  is  by  radiation  than  by  direct  contact  of 
the  hot  gases. 

By  proper  design,  heat  insulation  and  lagging,  the  combus¬ 
tion  furnace  should  not  radiate  more  heat  than  the  electric  fur¬ 
nace,  for  a  given  temperature  inside.  The  practical  conditions 
at  present  are,  that  electric  furnaces  are  much  more  scientifically 
designed  in  these  respects  than  combustion  furnaces,  because 
of  the  absolute  necessity  of  keeping  down  heat  losses ;  but  com¬ 
bustion  furnaces  can  be  greatly  improved  in  this  respect.  Also, 

♦Professor  of  Metallurgy,  Lehigh  University,  South  Bethlehem,  Pa. 
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let  me  remark,  that  electric  furnaces  can  also  be  improved  in 
this  respect.  “Keiselgahr’’  bricks  should  be  used  next  the  shell 
or  casing,  and  the  latter  should  be  of  a  polished  white  metal, 
such  as  Monell  metal.  The  loss  of  heat  from  the  surface  of 
most  commercial  furnaces  can  easily  be  cut  in  half  by  more 
efficient  casing  as  suggested. 

I  would  suggest  that  Centigrade  degrees  be  given,  as  well 
as  Fahrenheit,  in  the  tables  so  as  to  familiarize  our  technical 
men  with  the  scale  of  temperature  used  by  the  majority  of  scien¬ 
tific  and  industrial  men  outside  of  the  United  States. 

The  efficiency  of  an  electric  furnace  is  a  highly  important  and 
interesting  datum.  Given  two  furnaces  of  different  sizes,  if  both 
are  run  to  full  capacity,  the-  larger  will  always  be  the  more 
efficient ;  or,  take  a  given  furnace,  the  harder  it  can  be  pushed  the 
more  efficient  it  will  be.  And,  in  a  resistor  furnace,  the  higher  the 
working  temperature  of  the  resistor  the  faster  it  can  be  worked, 
and  the  more  efficient  it  will  be.  Of  course,  there  are  practical 
limits  to  this  resistor  temperature,  but  it  ought  to  be  run  at  the 
highest  practicable  temperature  to  attain  the  maximum  efficiency 
when  heating  cold  material. 

In  this  connection,  let  me  remark  that  the  material  lining 
the  furnace  becomes  somewhat  conducting  at  the  high  tempera¬ 
tures  used,  and  it  is  quite  possible  that  supplementary  heating, 
where  desired,  can  be  attained  by  forcing  some  current  through 
the  refractory  material.  The  roof,  for  instance,  is  kept  cool, 
in  operation,  by  the  screen  of  bars  between  it  and  the  resistor. 
Could  not  Mr.  Baily  heat  his  bars  from  above  as  well  as  from 
below  and,  therefore,  in  much  less  time,  by  passing  some  cur¬ 
rent  through  the  roof  bricks,  and  thus  using  them  as  resistors  of 
the  same  nature  as  the  filaments  in  a  Nernst  lamp? 

The  wall  loss  of  500  k.w.  is  the  point  of  attack  for  higher 
efficiency  in  soaking  pits.  Where  no  heating  of  metal  is  to  be 
done,  the  entire  electric  energy  is  lost  through  the  walls.  There¬ 
fore,  given  the  most  efficient  heat  lagging  and  insulation,  this 
loss  can  be  reduced  to  a  minimum.  Again,  infusorial  earth,  or 
“Keiselgahr,”  as  material  next  the  casing,  and  polished  white 
metal  casing,  are  the  ideals  to  be  approached.  As  compared 
with  ordinary  fire  brick  and  black,  or  rusty,  iron  casing,  they 
will  save  two-thirds  to  three-quarters  of  the  heat  lost. 
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Mr.  Frank  Thornton,  Jr.:*  With  the  introduction  of 
any  new  piece  of  apparatus  or  any  piece  of  apparatus  to  super¬ 
sede  one  already  in  use  for  any  sort  of  industrial  work,  the  bur¬ 
den  of  proof  is  always  upon  the  new  device.  In  this  case,  this 
burden  of  proof  to  be  carried  by  the  electric  furnace,  is  entirely 
one  of  relative  operating  cost  per  unit  of  product.  It  seems  that 
a  very  low  price  for  power  is  essential  in  order  that  it  may  com¬ 
pete  at  all  favorably  with  other  methods  of  heating  now  em¬ 
ployed. 

Some  of  these  items  of  cost  which  seem  to  me  to  be  of  ex¬ 
treme  importance  are  radiation  losses  and  upkeep  or  mainte¬ 
nance  cost.  Mr.  Baily  has  not  mentioned  them  and  it  would  be 
very  interesting  to  know  more  about  them.  It  would  also  be 
interesting  to  know  the  cost  of  relining  such  a  furnace  and  what 
the  initial  cost  would  be.  The  development  of  poor  heat  con¬ 
ducting  materials  or  heat  insulating  materials  has  been  quite 
extensive  of  late  and  if  one  cares  to  enter  into  a  study  of  that 
subject  the  papers  presented  by  Mr.  Carl  Hering  before  the 
American  Electro-Chemical  Society  will  be  found  to  be  of  great 
value. 

Mr.  William  Hoopes  :j  It  has  been  my  privilege  to  have 
been  somewhat  familiar  with  Mr.  Baily’s  work  from  the  time 
of  its  inception,  and  I  want  to  say  that  we  are  indeed  fortunate 
to  have  a  paper  presented  by  him.  Any  one  who  has  had  to  do 
with  original  work  with  the  electric  furnace  knows  that  it  is 
quite  capable  of  developing  as  many  peculiar  effects  as  a  type 
of  internal  combustion  engine. 

The  Aluminum  Company  of  America  has  lately  installed 
one  of  the  Baily  furnaces,  and  I  am  glad  to  say  that  it  works. 
Everything  he  said  in  his  paper  is  very  good  in  relation  to  the 
accuracy  of  control  and  the  facility  with  which  it  can  be  operated. 
This  type  of  furnace  is,  I  think,  more  flexible  than  any  other 
type  of  furnace,  i.  e.,  the  resistance  type  of  furnace  is  capable 
of  a  more  general  application.  It  can  be  built  in  almost  any  size, 
and  the  resistance  material  is  cheap  and  easily  used. 

♦Engineer,  Westinghouse  Electric  &  Manufacturing  Co.,  East  Pitts¬ 
burgh,  Pa. 

tElectrical  Engineer,  Aluminum  Company  of  America,  Oliver  Build¬ 
ing,  Pittsburgh. 
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I  think  it  would  be  desirable  if  Mr.  Baily  would  throw  addi¬ 
tional  light  on  the  subject  of  cost  of  installation  and  upkeep.  I 
have  a  few  data  on  that,  but  Mr.  Baily  doubtless  has  better. 

Mr.  T.  D.  Lynch  :*  There  are  two  or  three  points  I  would 
like  to  call  attention  to  in  connection  with  Mr.  Baily’s  valuable 
paper.  In  the  first  place,  it  is  a  compilation  of  information  that 
we  as  engineers  should  be  very  much  interested  in  and  can  make 
use  of  from  time  to  time  in  our  designs  and  in  our  own  plants.  He 
spoke  of  radiation  being  entirely  through  the  walls,  I  would 

imagine  that  there  would  be  considerable  radiation  through  the 
roof. 

The  Author:  I  meant  the  entire  surface  of  the  furnace. 

Mr.  T.  D.  L\  nch  :  Another  thing  not  quite  clear  to  me  is 
the  question  of  uniform  heating,  that  is  to  say,  would  there  be  a 
uniform  heating  of  a  billet  when  the  heating  is  done  by  radiation 
entirely?  As  I  take  it,  the  heat  would  come  from  one  side  and 
as  it  has  to  go  through  the  billet  by  induction  the  side  next  to 
the  source  of  heat  would  be  very  much  hotter  than  the  opposite 
side.  The  question  of  uniform  heating  is  one  of  the  most  im¬ 
portant  features  of  heat  treating  of  steel,  as  all  the  heat  treating 
men  will  readily  recognize. 

The  question  of  oxidation  is  also  very  important  in  connec¬ 
tion  with  many  different  kinds  of  material.  Manufacturers  of 
fine  wires,  saws,  chisels,  small  gears,  or  similar  parts  where  they 
have  to  have  a  bright  smooth  finish,  realize  that  in  getting  away 
from  scale  or  discoloration,  they  will  be  very  much  assisted. 
For  example,  the  abrasion  covered  by  scale  in  the  mesh  of  gear¬ 
ing  is  in  some  cases  very  serious.  Another  thought  brought  out  In- 
having  the  bottom  of  the  furnace  arranged  so  that  the  charge 
can  be  dumped  into  the  quenching  medium  without  coming  in 
contact  with  the  air  is  a  very  good  scheme  and  one  that  could  be 
used  very  appropriately  with  this  type  of  furnace,  much  more 
so  than  with  the  other  types. 

The  question  of  regulation  is  one  of  very  great  interest  and 
while  it  is  being  worked  out  in  connection  with  the  operation  of 
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the  electric  furnace,  I  would  like  to  state  that  the  same  scheme 
should  be  readily  adapted  to  the  control  of  a  gas  furnace.  In 
either  case  the  location  of  the  thermo-couple  is  very  important. 

Mr.  H.  R.  Fothergill:  I  would  like  to  ask  Mr.  Baily 
something  about  his  application  of  the  resistors  to  the  large  size 
car  type  of  heating  furnace.  I  have  two  in  mind,  11  by  33  feet. 
How  would  you  apply  resistors  to  so  large  a  furnace? 

The  Author:  That  would  be  the  same  as  the  connection 
on  the  regular  heat-treating  furnace.  Place  the  resistors  close 
to  each  side  of  the  car  and  running  lengthwise  of  the  track.  The 
heat  of  the  resistors  would  all  radiate  to  the  roof  and  down  on  to 
the  car  or  hearth,  the  same  as  in  our  regular  furnaces. 

Mr.  E.  D.  Leland:*  I  gather  the  impression  from  the 
paper  that  the  advantage  of  the  electric  furnace  becomes  more 
marked  as  the  temperatures  required  in  the  furnace  increase.  I 
wonder  is  Mr.  Baily’s  experience  has  shown  that  at  moderate 
furnace  temperatures,  the  combustion  furnace  and  the  electric 
furnace  are  on  a  par  in  the  matter  of  thermal  efficiency.  If  so  it 
might  indicate  that  the  principal  field  for  the  electric  furnace  is 
where  comparatively  high  temperatures  are  required. 

The  Author:  It  is  difficult  to  set  a  limit  excepting  in  each 
particular  furnace  that  might  be  under  consideration,  that  is 
whether  it  is  a  heat-treating  furnace  or  a  special  furnace.  There 
always  comes  in  the  question  of  the  value  of  oxidation,  losses 
through  that,  and  a  great  many  other  conditions,  as  the  greater 
precision  in  temperature  controls.  It  is  pretty  hard  to  set  a  limit 
in  commercial  cost  excepting  as  you  might  figure  out  a  specific 
case  under  one  operating  condition.  Usually,  with  forgings  for 
instance,  with  the  various  rates  of  fuel,  either  gas  or  oil  and 
electricity,  the  comparison  given  in  the  paper  may  be  taken  as  a 
typical  case. 

Mr.  E.  D.  Leland  :  Could  you  name  a  temperature  or 
neutral  point  at  which  the  efficiency  of  the  two  types  of  furnaces 
will  be  about  the  same? 

♦Superintendent  of  Compressing  Stations,  Philadelphia  Company, 
Pittsburgh. 
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The  Ac  thor  .  Xot  without  data  on  the  specific  case. 

Mr.  A.  Stucki  :*  The  cost  of  coal  is  figured  at  $2.00  a 
con  and  the  cost  of  current  at  '/2c  per  k.w.  Of  course,  this  will 
affect  the  final  results  a  great  deal,  because  we  all  known  that  in 
the  Pittsburgh  District,  we  get  coal  very  much  cheaper  than  that, 
and  we  also  know  we  cannot  buy  current  at  a  )/2 c,  although  we 
can  produce  it  at  that  figure  under  certain  favorable  circum¬ 
stances.  Should  you  not  then  consider  the  cost  of  the  power 
station  in  addition  to  the  cost  of  the  electric  furnace,  when  con¬ 
sidering  relative  first  cost  of  the  furnaces? 

It  is  a  fortunate  fact  that  the  automobile  industry  has  be¬ 
come  of  such  tremendous  importance  just  at  this  time,  because 
the  two  go  hand  in  hand.  The  automobile  industry  has  done  a 

great  deal  in  perfecting  the  manufacture  of  steel  and  so  has  the 
electric  furnace. 

The  Author  .  In  speaking  of  p2C,  I  think  that  in  large 
capacities  includes  all  the  charges,  for  instance  the  investment 
charge  as  well  as  fuel.  A  e  have  some  furnaces  now  in  operation 
that  are  operating  under  2/3c  per  kw.  hour.  This  is  from  a  cen¬ 
tral  station,  of  course. 

Prof.  S.  L.  Goodale  :*  May  I  bring  up  a  metallurgical 
point,  about  which  nothing  has  been  said  this  evening?  Several 
cases  have  been  brought  to  my  attention  of  experiments  on  heat 
treating  in  this  general  type  of  furnace  wherein  it  would  seem 
to  have  been  better  to  have  an  oxide  scale  formed  than  not.  I 
can  not  say  the  efiect  is  always  found,  but  it  certainly  happens  at 
times  that  when  no  oxide  scale  is  formed  the  metal  itself  is  de¬ 
carbonized  to  a  slight  extent  on  the  surface,  resulting  in  a  soft 
skin.  This  form  of  oxidation  is  likely  to  escape  notice  until  the 
metal  is  put  to  use,  and  furthermore,  does  not  seem  to  take  place 
when  the  scale  is  formed. 

It  does  not  sound  reasonable  that  a  metal  heated  so  near  a 
red  hot  body  of  carbon  in  the  stagnant  atmosphere  of  this  elec¬ 
tric  furnace  would  be  oxidized  at  all,  for  it  should  be  surrounded 
by  a  fairly  strong  reducing  CO  atmosphere.  In  certain  cases 

♦Consulting  Engineer,  Oliver  Building.  Pittsburgh. 

Professor  of  Metallurgy.  University  of  Pittsburgh.  Pittsburgh. 
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that  have  come  to  my  notice,  however,  the  result  of  heat  treat¬ 
ing  over  a  carbon  resistor  has  been  a  decarbonized  skin  of  rela¬ 
tively  soft  metal.  An  adjustment  of  these  various  agencies 
would  seem  to  be  possible,  say  by  covering  the  metal  lightly  with 
resistor  material,  or  in  some  other  way,  so  as  to  produce  neither 
a  soft  skin  nor  case  hardening. 

In  regard  to  the  nice  control  of  temperature,  the  electric 
furnace  probably  has  a  considerable  advantage  over  the  fuel 
heated  furnace  both  as  to  being  held  at  any  desired  temperature 
and  as  to  keeping  large  parts  of  a  big  furnace  at  uniform  temper¬ 
ature.  It  is  fortunate  for  commercial  steel  makers,  however, 
that  a  sufficient  nicety  of  control  may  be  had  in  fuel  heated  fur¬ 
naces  to  produce  regularly  very  fine  results.  The  necessary 
point  in  heat  treating  is  to  heat  slightly  above  a  definite  critical 
temperature,  and  when  that  is  done  there  is  a  sufficient  leeway  for 
careful  practical  workers  before  overheating  produces  any  con¬ 
siderable  evil  effects. 

In  the  cost  comparisons  between  the  two  kinds  of  heating, 
it  may  well  be  that  the  extra  cost  of  electric  heating  may  be  more 
than  made  up  in  the  actual  savings  due  to  more  convenient  work¬ 
ing  of  such  furnaces,  the  cleanliness  thereof,  etc.  These  items 
might  come  in  in  such  a  secondary  way  that  they  would  be  diffi¬ 
cult  to  locate  exactly  and  completely  and  pin  down  on  a  cost 
sheet. 

Mr.  Thomas  S.  Perkins:*  Mr.  Baily’s  paper  is  one  of 
very  great  interest  giving  data  on  a  subject  which  Is  new  and  in 
which  we  are  all  interested  as  engineers.  Any  advance  in  an 
art  is  of  great  interest  to  engineers,  and  this  happens  to  be  that 
very  thing. 

There  seems  to  be  no  doubt  that  the  electric  furnace  has  ad¬ 
vantages  that  other  furnaces  do  not  possess.  That  being  the 
case,  I  think  the  matter  of  cost  is  one  which  ought  to  be  brought 
up  and  considered  more  fully.  We  must  also  keep  in  mind  that 
this  is  a  new  business  and  Mr.  Baily  is  apparently  successfully 
installing  furnaces  for  commercial  work,  and  any  business  as 
new  as  this  is  must  admit  of  considerably  more  improvement, 
and  it  certainly  appears  that  this  has  very  great  promise.  It  is  a 

♦Engineer,  Westinghouse  Elec.  &  Mfg.  Co.,  East  Pittsburgh,  Pa. 
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matter  of  very  great  importance  to  the  central  stations  because 
it  gives  a  large,  steady  load,  and  that  is  one  of  the  large  reasons 
why  very  low  costs  are  possible. 

There  are  one  or  two  points  in  connection  with  his  paper 
which  I  would  like  to  speak  about.  It  has  always  been  a  matter 
of  very  considerable  difficulty  to  get  a  contact,  especially  with 
the  part  of  the  carbon  which  is  in  the  furnace.  His  statement  is 
that  these  electrodes  will  last  for  several  months,  indicating  that 
he  must  have  got  something  that  is  very  good.  It  would  be  in¬ 
teresting  to  get  some  idea  of  how  this  is  accomplished. 

In  that  same  connection,  while  it  is  apparent  that  we  get 
pretty  good  life,  the  contact  will  eventually  give  trouble  and  the 
electrode  will  have  to  be  renewed,  and  a  word  as  to  the  conven¬ 
ience  or  difficulty  of  renewing  these  particular  parts,  whether  it 
takes  expert  attention  or  not,  etc.,  would  be  interesting. 

One  of  the  important  and  attractive  features  of  the  electric 
furnace  is  the  accuracy  of  control  and  I  would  like  to  inquire 
how  Mr.  Baily  finds  this  matter  works  in  practice.  In  other 
words,  do  you  have  to  make  adjustments  often  at  the  furnace  by 
rheostat  or  other  means  to  keep  the  temperatures  within  close 
limits,  or  is  this  a  feature  that  does  not  have  to  be  regulated  very 
often  ? 

Another  matter  I  would  like  to  inquire  about  is  the  approx¬ 
imate  voltage  in  the  terminals.  These  vary  considerable,  no 
doubi,  but  in  some  typical  case? 

He  has  spoken  about  going  as  high  as  90  percent  efficiency 
in  some  furnaces  so  that  the  promise  in  that  regard  is  very  good. 
As  he  brought  out,  the  lagging  of  furnaces  and  other  methods  of 
cutting  down  radiation,  admits  of  very  considerable  improve¬ 
ment. 

The  Author:  In  regard  to  the  cost  of  electrodes,  a  typical 
furnace,  200  kw.,  has  had  two  $4.00  electrodes,  and  in  the  way  of 
repairs  to  brickwork,  has  had  about  12  silica  brick.  It  has  run 
about  6000  hours.  By  a  little  carelessness  the  electrodes  burned 
off  owing  to  the  resistor  material  over  the  electrodes  becoming 
too  thin. 

Mr.  Thomas  S.  Perkins:  Are  they  difficult  to  repair? 
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Ihe  Author:  In  that  case  it  took  about  two  hours  to  pull 
them  out  and  insert  new  ones.  It  was  a  hot  job,  the  furnace  run¬ 
ning  at  high  temperatures,  but  it  was  not  particularly  difficult. 

As  to  the  adjustment  of  the  control  of  the  furnace,  this  will 
not  need  any  changing  for  over  a  period  of  eight  to  ten  hours  or 
longer  the  quantity  of  material  going  through  the  furnace  is  prac¬ 
tically  constant.  If  you  have  a  lower  capacity  you  have  to  re- 
due  the  flow  of  current  into  the  furnace  or  the  temperature  of 
the  furnace  will  of  course  increase.  As  to  the  voltage,  take  a 
forging  furnace  of  250  lb.  per  hour  capacity,  the  voltage  woula 
be  about  60  across  the  furnace.  In  a  furnace  of  600  kw.  capac¬ 
ity,  probablv  eighteen  feet  long,  the  voltage  would  be  about  250. 
In  some  cases  the  two  cores  of  the  heat-treating  furnace  are  run 
in  parallel,  thus  doubling  the  voltage,  cutting  the  amperage  and 
cables  in  two  by  that  method. 

The  cost  of  the  furnaces  themselves  will  be  roughly  four 
or  five  times  the  cost  of  a  combustion  furnace  of  the  same  ca¬ 
pacity.  Take  a  typical  forging  furnace  handling  250  lb.  per 
hour,  would  cost  about  $1200.  A  heat-treating  furnace  of  600 
lb.  capacity  per  hour  would  cost  about  $2500.  A  furnace  of  2000 
kw.  capacity  runs  about  $25  000.  These  figures  may  be  taken  as 
typical  for  standard  designs. 

There  was  some  mention  a  while  ago  of  the  control  and  I 
will  speak  further  of  that.  The  control  is  obtained  through 
special  transformers,  called  regulating  transformers,  controlling 
by  special  switches  connected  to  the  special  taps  of  either  the 
primary  or  secondary  of  the  transformers.  If  we  have  to  handle 
a  primary  voltage  of  22  000  we  control  on  the  low  tension  side. 
If  we  have  a  primary  of  only  440  volts  we  control  on  the  high 
tension  side.  All  these  furnaces  are  alternating  current  fur¬ 
naces.  It  is  possible  to  use  direct  current  but  in  order  to  get 
voltage  control  a  motor-generator  set  is  required. 

Mr.  William  Hoopes  :  Are  they  all  single  phase  furnaces? 

The  Author:  That  depends  to  some  extent  on  the  power 
company.  If  the  power  company  has  no  objection  to  single 
phase,  it  is  usually  cheaper  to  build  using  single  phase  than  two 
or  three  phase.  In  a  furnace  of  considerable  size,  say  1000  kw., 
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we  would  regularly  make  it  two  phase.  If  the  power  company 
objects  we  can  put  in  a  phase  transformer  so  that  we  get  all 
three  phases  balanced. 

The  heat-treating  furnaces  usually  have  two  cores,  so  that 
we  can  readily  make  them  two  phase. 

Mr.  William  Hoopes  :  What  is  the  voltage? 

The  Author:  That  depends  on  the  particular  furnace. 
The  highest  we  actually  operate  is  400  volts.  Above  that  there 
is  danger  of  trouble  with  electric  insulation. 

Mr.  W  illiam  Hoopes  :  What  is  the  maximum  tempera¬ 
ture  it  is  possible  to  operate  the  furnace  with  commercially  ? 

The  Author:  The  highest  temperature  we  have  ever 
operated  furnaces  at  is  2700  deg.  Fahr.,  and  those  furnaces  run 
as  long  as  three  weeks  without  any  repairs.  At  that  time  they 
required  new  linings,  which  cost  about  $4.00  and  take  half  a  day 
to  renew,  counting  the  time  of  cooling  the  furnace  down. 

I  think  I  have  answered  most  of  the  questions  that  have 
been  mentioned  here.  Some  one  has  mentioned  metal  resistors. 
These  seem  to  be  quite  feasible  for  temperatures  up  to  1500  deg. 
Fahr.  About  2000  deg.  they  seem  to  go  to  pieces  pretty  rapidly 
and  are  not  really  commercial  at  that  temperature. 

The  upkeep  of  the  furnaces  was  asked  for.  We  have  re¬ 
cently  put  in  operation  some  furnaces  where  the  upkeep,  renew¬ 
als,  etc.,  were  guaranteed  to  be  within  10c  per  ton  of  metal 
heated.  That  is  a  heat-treating  operation.  In  small  forging  fur¬ 
naces  the  cost  will  probably  run  as  high  as  50c  a  ton  using  regu¬ 
lar  forging  furnaces  with  ruling  temperatures  of  the  metal  of 
2300  deg.  Fahr.  in  the  small  furnaces.  The  larger  the  furnace 
the  less  the  cost  per  ton. 


THE  PROPOSED  LAKE  ERIE  A\I)  OHIO 

RIVER  CANAL 

By  G.  F.  Stickney*. 

The  idea  of  constructing  a  canal  connecting  Lake  Erie  with 
the  Ohio  River  is  quite  an  old  one,  having  been  agitated  at 
various  times  since  the  beginning  of  the  last  century.  As  an  evi¬ 
dence  of  the  early  interest  in  this  project,  there  is  on  file  in  the 
War  Department  at  Washington  a  copy  of  a  map  dated  1824  of 
the  country  between  Pittsburgh  and  Lake  Erie,  showing  the  pro¬ 
posed  routes  of  the  Ohio  and  Erie  Canal.  A  canal  was  actually 
constructed  from  the  Ohio  River  at  Rochester  to  the  City  of  Erie, 
along  from  1831  to  1846,  and  this  canal  remained  in  operation 
until  a  few  years  after  the  close  of  the  Civil  War,  being  finally 
abandoned  in  1871.  This  canal,  which  had  a  depth  of  four  feet, 
was  known  as  the  Erie  Canal  of  Pennsylvania,  and  was  located 
in  the  valleys  of  the  Beaver  and  Shenango  rivers  as  far  as 
Greenville,  and  thence  passed  across  the  country  to  the  lake  at 
Erie,  Pennsylvania.  After  the  abandonment  of  this  waterway, 
no  interest  appears  to  have  been  taken  in  a  canal  at  this  locality 
until  1889,  when  a  commission  of  five  members  was  appointed  by 
the  Governor  of  Pennsylvania,  in  accordance  with  the  terms  of  a 
joint  resolution  of  the  General  Assembly,  to  determine  the  feasi¬ 
bility  of  connecting  the  waters  of  Lake  Erie  and  the  Ohio  River 
by  a  ship  canal,  to  survey  and  lay  out  a  route  for  same,  if  feas¬ 
ible,  and  to  estimate  the  expense  of  construction.  After  several 
months  spent  in  making  surveys  and  in  examining  routes,  this 
commission  made  a  report  to  the  General  Assembly  recommend¬ 
ing  the  construction  of  a  canal  from  Davis  Island,  in  the  Ohio 
River,  to  Lake  Erie  at  Conneaut  Harbor,  a  distance  of  126  miles, 
to  be  located  in  the  Ohio,  Beaver  and  Shenango  rivers  and  pass- 
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♦Consulting  Engineer  in  charge.  The  Lake  Erie  and  Ohio  River  Canal. 
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ing  through  Pymatuning  Swamp,  with  a  summit  level  at  elevation 
1016,  and  on  down  the  lake  slope  to  Conneaut  Harbor.  The 
channel  was  to  be  15  ft.  deep  and  100  ft.  wide  on  the  bottom. 
There  were  to  be  51  locks  of  sufficient  size  to  pass  boats  300  ft. 
long  and  44  ft.  wide.  The  estimated  cost  of  this  canal  was 
$26  375  188.  The  General  Assembly  took  no  action  on  this  report. 

The  Chamber  of  Commerce  of  Pittsburgh  became  interested 
in  the  canal  project  in  1895  and  undertook  a  thorough  investiga¬ 
tion  of  the  feasibility  and  cost  of  a  waterway.  Surveys  were  made 
and  estimates  were  prepared  under  the  direction  of  a  board  of  dis¬ 
tinguished  engineers,  who  reached  the  conclusion  that  the  project 
was  not  only  feasible,  but  was  one  that  might  profitably  be  under¬ 
taken  by  private  capital.  Nothing  resulted  from  this  investiga¬ 
tion,  however,  and  the  matter  lapsed,  to  be  revived  some  ten 
years  later  by  the  Merchants  and  Manufacturers’  Association  of 
Pittsburgh  in  1905.  Considerable  interest  was  aroused  at  this 
time,  and  a  company,  known  as  the  Lake  Erie  and  Ohio  River 
Ship  Canal  Company,  was  formed  to  construct  the  canal.  Char¬ 
ters  were  obtained  in  both  Pennsylvania  and  Ohio,  and  later  a 
National  charter  was  secured.  The  company  caused  new  surveys 
and  estimates  to  be  made,  and  once  more  the  scheme  received 
favorable  endorsement,  but  private  capital  was  not  available  to 
defray  the  cost  of  construction,  and  the  canal  was  again  laid  upon 
the  shelf. 

Many  persons  who,  through  their  study  of  the  proposition, 
had  become  firm  believers  in  the  idea,  combined  to  form  the 
Lake  Erie  and  Ohio  River  Ship  Canal  Association  for  the  pur¬ 
pose  of  promoting  the  enterprise,  and,  as  a  result  of  their  efforts, 
an  act  was  passed  by  the  Legislature  of  Pennsylvania,  which 
was  approved  June  27th,  1913,  appropriating  $150  000  for  the 
purpose  of  making  surveys  and  preparing  estimates  for  a  canal 
between  Lake  Erie  and  the  Ohio  River,  and  providing  for  the 
appointment  of  a  board  of  five  members  to  carry  out  the  pro¬ 
visions  of  this  act.  The  members  of  the  Board  are  Hon.  William 
A.  Magee,  President;  Col.  Thomas  W.  Symons,  U.  S.  A.;  Tom 
P.  Sloan,  A.  S.  McSwigan  and  James  A.  Chambers,  by  whom  the 
writer  was  employed  to  take  charge  of  the  engineering  work  and 
to  prepare  estimates  for  the  canal. 
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Extensive  surveys  have  been  made  of  routes  for  the  canal, 
reservoir  sites,  and  for  feeder  channels,  and  these  have  been 
supplemented  with  the  surveys  made  by  the  Pittsburgh  blood 
Commission,  at  the  headwaters  of  French  Creek  ;  by  the  Lake  Erie 
and  Ohio  River  Ship  Canal  Company,  through  the  Mosquito 
Creek  territory,  and  by  the  Water  Supply  Commission  of  Penn¬ 
sylvania,  in  the  Pymatuning  Swamp  region. 

Borings  have  been  made  at  intervals  of  about  one- fourth 
mile  along  the  selected  routes,  which,  together  with  information 
obtained  from  examination  of  wells  and  the  observation  of  out¬ 
cropping  rock,  furnished  data  for  determining  the  character  of 
materials  to  be  excavated  and  the  foundations  for  structures. 

The  main  route  selected  for  investigation  commences  at  the 
mouth  of  the  Beaver  River,  where  it  empties  into  the  Ohio  River, 
and  follows  up  the  former  stream  to  the  junction  of  the  Ma¬ 
honing  and  the  Shenango  rivers;  thence  up  the  Mahoning  to 
the  mouth  of  Mosquito  Creek,  at  Niles,  Ohio ;  thence  up  the  creek 
into  Greene  township,  where  the  line  leaves  the  Mahoning  River 
Valley  and  crosses  into  the  Grand  River  drainage  basin,  follow¬ 
ing  along  the  eastern  side  hills  of  the  latter  as  far  as  Three 
Brothers  Creek ;  thence  swinging  to  the  west,  down  the  creek  to 
a  point  just  beyond  the  Ashtabula  branch  of  the  Pennsylvania 
Railroad,  where  a  turn  to  the  north  is  made  and  the  line  of  the 
railroad  is  followed  to  the  vicinity  of  Austinburg,  Ohio ;  thence 
swinging  slightly  to  the  left  the  route  continues  in  a  northerly 
direction  across  the  divide  which  separates  the  Grand  River  Valley 
from  the  Lake  slope;  passes  down  the  slope  to  Lake  Erie,  near 
the  mouth  of  Indian  Creek,  at  a  point  some  six  miles  west  of 
Ashtabula,  Ohio. 

This  route  is  substantially  the  same  as  that  adopted  by  the 
Lake  Erie  and  Ohio  River  Ship  Canal  Company  as  far  as  1'hree 
Brothers  Creek,  beyond  which  a  more  westerly  location  was 
chosen.  The  length  of  this  line  is  101.47  miles. 

An  alternate  route  over  the  summit  continues  up  the  Mahon¬ 
ing  River  from  the  mouth  of  Mosquito  Creek  to  a  point  about 
two  miles  west  of  Warren,  Ohio;  thence  swinging  to  the  north, 
passes  out  of  the  Mahoning  River  Valley  and  into  the  Grand 
River  Valley,  following  the  eastern  side  hills  of  the  latter  to  a 
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junction  with  the  previously  described  route  at  a  point  midway 
between  Rock  Creek  and  Eagleville,  beyond  which  it  is  common 
with  the  other  route.  This  line  is  103.98  miles  long. 

A  branch  3.13  miles  long  extends  up  the  Shenango  River  to 
Washington  street,  in  the  City  of  New  Castle,  Pennsylvania. 

The  level  above  Dam  No.  6  in  the  Ohio  River,  which  estab¬ 
lishes  the  water  surface  at  the  mouth  of  the  Beaver  River,  is 
elevation  668.27  ft.  above  sea  level,  while  the  mean  level  of  Lake 
Erie  is  at  elevation  573,  making  the  difference  in  level  between 
the  two  ends  of  the  proposed  canal  95.27  ft.  The  summit  level 
of  the  first  route,  covering  a  stretch  of  27.27  miles,  is  at  elevation 
900,  requiring  an  ascent  of  231.73  ft.  from  the  Ohio  River  and 
a  descent  of  327  ft.  to  the  Lake,  or  a  total  lockage  height  of  558.73 
ft.  This  is  surmounted  by  26  locks.  On  the  southern  end  are 
15  locks,  with  lifts  varying  from  a  minimum  of  10  ft.  to  a  maxi¬ 
mum  of  20.3  ft.,  while  on  the  northern  end  of  the  summit  are  11 
locks,  nine  with  lifts  of  30  ft.  each  and  two  with  lifts  of  28.5  ft. 
each.  A  lake  about  ten  miles  long  and  from  one  to  one  and  one- 
fourth  miles  wide  will  be  formed  at  the  southern  end  of  the 
summit  level. 

On  the  alternate  route  the  summit  level  is  32.14  miles  long, 
with  water  surface  at  elevation  of  870.  There  are  24  locks  on  this 
route.  The  ascent  from  the  Ohio  River  is  made  with  14  locks,  hav¬ 
ing  lifts  of  10  to  20  ft,  and  aggregating  a  total  height  of  201.73  ft., 
and  the  descent  to  the  Lake  of  297  ft.  is  accomplished  with  10 
locks,  eight  of  which  have  30-ft.  lifts  and  two  with  lifts  of  28.5 
ft.  each.  The  southern  end  of  the  summit  level  on  this  route  will 
be  in  a  deep  cut  for  a  distance  of  five  miles,  and  the  total  lockage 
height  is  498.73  ft. 

The  location  and  lifts  of  the  various  locks  are  shown  in 
Table  No.  1. 

The  first  route  will  have  49.90  miles  of  canalized  river, 
8.52  miles  of  lake  channel,  and  43.05  miles  of  land  line,  while 
the  second  route  will  have  59.03  miles  of  canalized  river  and  44.95 
miles  of  land  line. 
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TABLE  No.  1. 
LIST  OF  LOCKS 


No. 

Distance  from 
Ohio  River 

Miles 

Lift 

Feet 

Elevation 
Water  Surface 
Above  Lock 

Ohio  River 

0.00 

668.3 

1 

0.43 

11.7 

680.0 

2 

2.95 

20.0 

700.0 

3 

4.00 

20.0 

720.0 

4 

5.92 

14.0 

734.0 

5 

11.20 

10.0 

744.0 

6 

16.67 

12.0 

756.0 

7 

22.63 

18.0 

774.0 

8 

26.21 

10.0 

784.0 

9 

29.13 

14.0 

798.0 

10 

34.95 

10.0 

808.0 

11 

38.83 

20.0 

828.0 

12 

43.62 

11.0 

839.0 

13 

50.82 

20.33 

859.33 

14 

55 .61 

20.34 

879.67 

15 

58.54 

20.33 

900.0 

16 

85.81 

30.0 

900 . 0 

17 

86.72 

30.0 

870.0 

18 

87.50 

30.0 

840.0 

19 

95.58 

30.0 

810.0 

20 

96.26 

30.0 

780.0 

21 

96.83 

30.0 

750.0 

22 

97.30 

30.0 

720.0 

23 

97.97 

30.0 

690.0 

24 

98.42 

30.0 

660.0 

25 

100.61 

28.5 

630.0 

26 

101.11 

28.5 

601 .5 

Lake  Erie 

101.47 

573.0 

ALTERNATE 

LINE 

13 

50.70 

16.0 

855.0 

14 

55.89 

15.0 

870.0 

15 

88.03 

30.0 

870.0 

16 

89.62 

30.0 

840.0 

SHENANGO  RIVER 

la 

21.95 

17.0 

773.0 
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In  preparing  the  preliminary  estimate  for  this  canal,  two 
sizes  of  locks  have  been  selected,  and  three  depths  of  channel,  9, 
12  and  15  feet,  respectively,  with  other  dimensions  suitable  for 
boats  of  the  maximum  size  that  the  locks  will  accommodate. 

The  smaller  lock,  which  has  the  same  dimensions  as  those 
on  the  New  York  State  Barge  Canal,  and  which  is  also  the 
same  as  the  Canadian  locks  along  the  St.  Lawrence  River,  will 
have  a  chamber  45  ft.  wide  by  340  ft.  long  between  hollow  quoins 
and  will  accommodate  a  boat  43  ft.  wide  by  300  ft.  long. 

The  larger  lock  corresponds  in  size  to  those  on  the  Monon- 
gahela  River,  being  56  ft.  wide  and  400  ft.  long  in  the  chamber. 
It  will  pass  boats  54  ft.  wide  by  350  ft.  long.  The  draft  of  a 
boat  when  fully  loaded  should  be  two  feet  less  than  the  depth  of 
the  channel,  for  ease  of  operation.  The  channel  must  be  of  such 
width  that  boats  going  in  opposite  directions  may  readily  pass 
without  interfering  with  each  other,  and  the  cross-sectional  area 
of  the  waterway  should  not  be  less  than  four  and  one-half  times 
the  cross-sectional  area  of  the  boat  below  the  water  line,  in  order 
that  the  tractive  resistance  will  not  be  excessive.  The  side 
slopes  of  the  channels  have  been  made  1  on  2,  except  in  rock 
cuts,  where  the  sides  will  be  nearly  vertical,  as  this  is  the  slope 
which  experience  indicates  is  the  best  for  excavated  canal  banks 
under  water,  while  above  the  water  the  slopes  will  be  made 
2  on  3. 

The  bottom  width  of  the  channel  will  be  140  ft.  if  small 
locks  are  used,  or  180  ft.  if  the  larger  size  is  selected.  In  the 
Beaver  River  and  through  Mosquito  Lake,  where  the  shore  line 
is  irregular  and  the  channel  lines  are  not  well  defined  by  the 
banks,  the  bottom  width  will  be  200  ft.  The  sides  of  the  channels, 
when  in  earth,  will  be  covered  by  stone  paving  extending  to  a 
depth  of  two  and  a  half  feet  below  and  four  feet  above  the  low 
water  surface,  to  protect  the  slopes  from  wash,  caused  by  passing 
boats. 

In  the  canalized  river  portions  it  will  not  be  possible  to  main¬ 
tain  the  water  surface  at  constant  levels,  as  may  be  done  in  land 
lines,  since  there  will  be  wide  variations  in  the  volume  of  flow, 
depending  on  the  rainfall  and  the  drainage  area  tributary  to  the 
stream.  The  Beaver  River  at  its  mouth  has  a  total  drainage  area 
of  3025.54  sq.  mi.,  which  is  subdivided  as  shown  by  Table  No.  2. 


leneral  Location  Map  of  Canal,  Reservoirs  and  Feeders, 
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TABLE  No.  2 

DRAINAGE  AREA  OF  BEAVER  AND  TRIBUTARIES 

1~  rom  l  .  S.  ( ..  S.  Topographic  Maps 


Area  in  Square  Miles 


limits 


Place  to 
Place 


Sub- 

Total 


Branch 

Total 


SHENANGO  RIVER 

Source  of  Padan  Cr.  to  Jet.  of  Shenango.. . . 

Source  to  Padan  Cr.  Jet . 

Padan  Cr.  Jet.  to  Pymatuning  Dam. 
Pymatumng  Dam  to  Jet.  with  Little  Shenango 
LITTLE  SHENANGO 
Source  to  Crooked  Cr.  Jet 
Source  of  Crooked  Cr.  to  Jet!  of  kittle  Shenango 
Jet.  Crooked  Cr.  to  mouth  at  Shenango  R. . 

SHENANGO  RIVER 
Little  Shenango  Jet.  to  Big  Run  Jet.  . 

Source  of  Big  Run  to  mouth . 

Big  Run  Jet.  to  Lackawannock  jet .  . 

Source  of  Lackawannock  Cr.  to  mouth 
Lackawannock  Jet.  to  Pymatuning  Cr.  Jet' 

°Rh'erPymatUnmg  Cr>  t0  mouth  at  Shenango 

Pymatuning  Cr.  Jet.  to  Neshannock  Cr.  Jet  .  ’ 

NESHANNOCK  CREEK 
Sources  to  Otter  Creek  Jet 

Source  of  Otter  Cr.  to  mouth  ’ . 

Otter  Cr.  Jet.  to  Little  Neshannock  Jet 
Source  Little  Neshannock  to  Jet.  W.  Branch'.'. 
Source  of  \\  est  Branch  to  mouth 
fSf,1?  Neshannock  from  W.  Branch  to  mouth.' 
Little  Neshannock  Jet.  to  mouth  at  Shenango. 

SHENANGO  RIVER 

^CRiverLlttle  Neshannock  to  mouth  at  Beaver 

TSSSHED  AREA  OF  shkn- 


MAHONING  RIVER 

Source  to  Beech  &  Deer  Creeks  lets 
Source  at  Beech  Creek  to  mouth 
Source  of  Deer  Creek  to  mouth. 
Beech  &  Deer  Cr.  Jet.  to  Willow  Cr. 
Willow  Creek . 

Willow  Creek  to  Mill  Creek  Jet 

Mill  Cr.  Jet.  to  Milton  Dam. 

Milton  Dam  to  Kale  Cr.  let 
Kale  Creek . 

Kale  Cr.  Jet.  to  Jet.’  of  West  Branch 


27 . 76 

27.76 

50 . 48 

78.24 

71 .84 

150.08 

37 . 79 

187.87 

58.92 

58.92 

45.55 

104.79 

6.64 

111.11 

15.80 

25.51 

41.31 

21 .43 

62.74 

8.78 

71.52 

37.38 

108.90 

149.77 

149.77 

125.31 

125.31 

48.15 

46.56 

94.71 

59.70 

154.41 

23.22 

177.63 

17.87 

195.50 

9.96 

205.46 

30.19 

235 .65 

32.16 

32.16 

97.39 

31.18 

128.57 

37.38 

1 65 . 95 

8.27 

174.22 

19.21 

193.43 

27 . 67 

221.10 

31  .31 

252.41 

31  .84 

284  25 

5.21 

289  If, 

24.40 

313.86 

3 . 75 

317.61 

187.87 


298.98 


682.96 


918.61 

950.77 

950.77 


317.61 
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DRAINAGE  OF  BEAVER  AND  TRIBUTARIES— Continued 
(From  U.  S.  G.  S.  Topographic  Maps) 

Area  in  Square  Miles 


LIMITS 


Place  to  Sub-  Branch 

Place  Total  Total 


WEST  BRANCH— MAHONING  RIVER 


MAHONING  RIVER 

Jet.  of  West  Branch  to  Eagle  Cr.  Jet . 

Eagle  Cr . 

Eagle  Cr.  Jet.  to  Duck  Cr.  Jet . 

Duck  Cr . 

Duck  Cr.  Jet.  to  Mosquito  Cr.  Jet . 

MOSQUITO  CREEK 

Source  to  Proposed  Dam . 

Proposed  Dam  to  mouth  at  Mahoning  River. 

MAHONING  RIVER 
Mosquito  Cr.  Jet.  to  Meander  Cr.  Jet . 

MEANDER  CREEK 

Source  to  Jet.  Morrison  Run . 

Source  of  Morrison  Run  to  Jet.  of  Meander. . 
Jet.  of  Morrison  Run  to  mouth  at  Mahoning. 

MAHONING  RIVER 

Jet.  Meander  Cr.  to  Jet.  Squaw  Cr . 

Source  of  Squaw  Cr.  to  mouth . 

Jet.  Squaw  Cr.  to  Jet.  Mill  Cr . 

Mill  Creek . 

Jet.  Mill  Cr.  to  Jet.  Crab  Creek . 

Crab  Creek . 

Jet.  Crab  Cr.  to  Jet.  Yellow  Creek . 

Yellow  Creek . 

Jet.  Yellow  Cr.  to  mouth  at  Beaver  River.  . . 


119.51 

119.51 

437.12 

10.39 

10.39 

64.73 

75.12 

6.11 

81.23 

35.70 

116.93 

50.00 

166.93 

604.05 

98 . 45  _  _ 

42.03 

140.48 

744.53 

0.45 

0.45 

744.98 

63.82  . 

10.72 

74.54 

10.74 

85.28 

830.26 

6.17  _  _ 

16.54 

22.71 

20.52 

43.23 

78.70 

121.93 

3.11 

125.04 

18.18 

143.22 

25.61 

168.83 

33.80 

202.63 

76.64 

279.27 

1109.53 

BEAVER  RIVER 

Source  of  Shenango  to  Jet.  with  Mahoning  to 

form  Beaver  River . 

Source  of  Mahoning  to  Jet.  with  Shenango  to 

form  Beaver  River . 

Jet.  of  Shenango  &  Mahoning  to  Jet.  of  Conno- 
quenessing  Cr . 

CONNOQUENESSING  CREEK 

Source  to  Jet.  of  Bonnie  Brook . 

Bonnie  Brook . 

Jet.  Bonnie  Brook  to  Jet.  Thorn  Cr . 

Source  of  Thorn  Cr.  to  mouth  at  Connoq’ng.  . 

Jet.  Thorn  Cr.  to  Jet.  Breakneck  Cr . 

Breakneck  Creek . 

ct.  Breakneck  to  Jet.  Little  Connoq’ng . 


950.77 

1109.53 


43.74 

43.74 

44  45  _ 

20.28 

64.73 

29.38 

94.11 

42.44 

136.55 

63.96 

200.51 

42.49 

243.00 

1.33 

244.33 

244 . 33 
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DRAINAGE  OF  BEAVER  AND  TRIBUTARIES — Continued 
_  ( ^  rom  ^  •  S.  (i.  S.  Topographic  Maps) 


Area  in  Square  Miles 


LIMITS 


I  lace  to  Sub-  Branch 

Place  Total  Total 


LITTLE  CONNOQUENESSING  CREEK 


CONXOQUEXESSIXG  CREEK 
Jet.  Little  Connoquenessing  to  Camp  Run. 


Brush  Creek . 

Jet.  Brush  Cr.  to  Jet.  Slipperyrock  Cr. 

SLIPPERYROCK  CREEK 


CONXOQUEXESSIXG  CREEK 


BEAVER  RIVER 

Jet.  Connoquenessing  Cr.  to  Jet.  Brady’s  Run 
Brady’s  Run . 

Jet.  Brady’s  Run  to  mouth  at  Ohio  River. 

TOTAL  WATERSHED  OF  BEAVER 
RIVER.  . . 


45 . 52 

16.78 

62.30 

2.02 

64.32 

308  65 

26.12 

14.91 

41.03 

8.50 

49.53 

56.07 

105.60 

7.30 

112.90 

421.55 

72.59 

72.59 

39.08 

111.67 

53 . 75 

165.42 

103 . 55 

268.97 

54 . 64 

323.61 

58.44 

382.05 

35 . 74 

417.79 

839  34 

11.58 

11.58 

850  92 

41.17 

25 . 79 

66  96 

3  62 

7ii  ^ 

70  58 

3025.54 

The  maximum  flow  along  the  line  of  the  canal  may  vary  from 
30  000  cu.  ft.  per  second  in  the  Alahoning  River  at  Warren.  Ohio, 
to  100  000  cu.  ft.  per  second  in  the  Beaver  River  at  its  mouth,  and 
provision  must  be  made  to  pass  such  floods  without  raising  the 
high  water  plane  along  the  stream,  since  to  do  so  would  cause 
great  damage  to  private  interests  and  riparian  property. 

It  will  also  be  necessary  to  regulate  the  flow  so  as  to  con¬ 
trol  the  height  of  the  water  during  the  navigation  season  in  order 
to  limit  the  height  of  bridges  and  other  structures  as  much  as 
possible.  Dams  will  be  necessary  at  certain  localities  along  the 
stream  to  raise  the  water  surface  and  form  the  various  pools  or 
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levels  between  the  locks.  Fixed  dams  cannot  be  used,  excepting 
a  single  one  at  the  lower  end  of  the  Beaver  River,  which  will 
be  deeply  submerged  in  time  of  flood,  as  they  would  raise  the 
flood  height  and  would  afford  no  means  of  control.  Movable 
dams,  which,  when  opened,  present  little  obstruction  to  the  flow 
will  be  necessary. 

There  will  be  12  or  11  movable  dams,  according  to  which  of 
the  alternate  routes  over  the  summit  is  selected.  Five  of  these 
will  be  on  the  Beaver,  one  on  the  Shenango,  and  the  remainder 
on  the  Mahoning  River.  The  locations  and  types  of  these  dams 
are  shown  in  Table  No.  3. 


TABLE  No.  3 
LIST  OF  DAMS 


Distance  from 
Ohio  River 


No. 

Miles 

Location 

BEAVER  RIVER 

1 

.43 

Rochester . 

2 

2.95 

New  Brighton. .  . 

3 

4.00 

Beaver  Falls .... 

4 

5.92 

College  Hill . 

5 

11.20 

West  Ell  wood  Jet 

6 

16.67 

New  Port . 

MAHONING  RIVER 

7 

22.63 

Mahoningtown .  . 

8 

26.21 

Edenburg . 

9 

29.13 

10 

34.95 

Strouthers . 

11 

38.83 

Youngstown .... 

12 

43.62 

Youngstown .... 

Type  and  Size 


Bridge  dam,  1  210-ft.  spans,  18'  gates. 


ALTERNATE  ROUTE 
MAHONING  RIVER 


13 

50.70 

Niles . 

. Bridge  dam,  1  180-ft.  span,  14' 

gates. 

14 

15 

55.89 

59.09 

Warren . 

. Bridge  dam,  1  210-ft.  span,  12' 

. Retention  dam,  300  feet  long. 

gates. 

SHENANGO  RIVER  BRANCH 

la  21.95  Mahoningtown . .  .Bridge  dam,  2  150-ft.  spans,  12'  gates. 
2a  24.43  New  Castle . Retention  dam,  200  feet  long. 
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MOVABLE  DAMS 

The  first  two  movable  dams  will  be  of  the  old-fashioned 
bear-trap  t\pe,  similar  to  those  used  at  the  various  government 
dams  along  the  Ohio  River.  These  dams  are  constructed  in 
sections  of  suitable  length,  separated  by  masonry  piers.  They 
consist  of  two  leaves  hinged  to  the  upper  end  and  the  lower 
extremity  of  a  masonry  base  extending  transversely  across  the 
bottom  of  the  river,  with  the  upstream  leaf  overlapping  the  down¬ 
stream  leaf.  When  water,  under  a  head,  is  admitted  beneath 
the  leaves,  the  dam  raises  until  stopped  by  limiting  devices,  and 
when  fully  erect,  the  cross-section  is  similar  to  an  inverted  V . 
The  dam  falls  when  the  water  is  drawn  off  from  below  the  leaves. 
The  operation  is  effected  by  hydrostatic  pressure.  Water  is  drawn 
trom  the  up-stream  side  of  the  dam  and  discharged  at  the  down¬ 
stream  side  by  means  of  culverts  in  the  piers,  which  communicate 
with  the  chamber  underneath  the  leaves.  The  inlets  and  outlets  of 
these  culverts  are  controlled  by  valves.  These  dams  may  be  low¬ 
ered  part  way,  if  desired,  so  as  to  regulate  the  amount  of  water 
to  be  discharged.  If  there  is  no  head  available  to  produce  the 
necessary  pressure,  air  is  forced  into  an  enclosed  portion  of  the 
lower  leaf,  displacing  the  water  and  making  the  leaf  buoyant,  so 
that  it  rises  to  the  surface,  lifting  the  upper  leaf  with  it,  and  the 
obstruction  caused  by  the  partly  raised  dam  soon  creates  a  head, 
which  completes  the  raising. 

All  other  movable  dams  will  be  of  the  bridge  type,  similar 
to  those  on  the  Mohawk  River  portion  of  the  New  York  State 
Barge  Canal.  This  consists  of  a  bridge  of  one  or  more  spans 
depending  upon  the  width  of  the  river,  from  which  uprights, 
hinged  to  the  floor  beams  beneath  the  down-stream  truss,  are 
dropped  so  that  their  lower  ends  rest  against  and  are  supported 
by  a  masonry  sill  at  the  bottom  of  the  river,  in  which  position 
they  stand  with  a  slight  batter  up-stream.  The  reaction  at  the  top 
of  the  upright  is  taken  by  the  floor  system  of  the  bridge.  The 
uprights,  spaced  15  ft.  apart,  are  connected  together  in  pairs.  Two 
steel  gates  30  ft.  long  and  varying  in  height,  as  required  to  form 
the  dam,  are  placed  one  above  the  other  against  the  uprights, 
where  they  are  held  in  position  by  the  water  pressure.  The  ends 
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of  the  gates  cantilever  about  seven  feet  beyond  the  uprights, 
and  there  is  a  clearance  of  four  inches  between  the  ends  of  the 
adjacent  gates.  Steel  plates,  hinged  to  the  gates,  close  the  joints 
between  sections.  The  gates  are  provided  with  roller  bearings, 
traveling  in  a  groove  in  the  upright,  which  prevents  longitudinal 
displacement  and  maintains  the  spacing  of  the  gate.  The  dams 
are  operated  by  a  movable  winch  which  travels  on  tracks  placed 
outside  the  bridge  trusses. 

The  winch,  which  is  operated  by  electric  power,  is  provided 
with  a  horizontal  shaft  having  cupped  winch  heads  at  each  end 
to  grip  the  chains  that  are  used  to  hoist  the  gates  and  uprights. 
The  sequence  of  operations  in  raising  the  dam  is  as  follows : 

The  winch  takes  position  on  the  downstream  side  of  the 
bridge  and  hoists  the  gates,  one  at  a  time,  to  the  upper  end 
of  the  uprights,  where  they  are  secured,  thus  traveling  along 
the  entire  length  of  the  dam,  then  passing  to  the  upstream  side  of 
the  bridge  it  swings  the  uprights,  a  pair  at  a  time,  up  underneath 
the  bridge  floor,  where  they  are  made  fast  in  a  horizontal  po¬ 
sition,  above  the  highest  water  level.  To  lower  the  dam,  the 
operations  are  reversed.  The  advantages  of  this  type  of  dam 
are  that  it  leaves  the  river  free  from  all  obstructions,  excepting 
the  bridge  piers,  which  are  spaced  wide  apart ;  all  working  parts 
can  be  raised  above  the  water  surface,  making  them  readily  ac¬ 
cessible  for  inspection  or  repair ;  and  perfect  control  of  the  water 
is  secured  since  the  discharge  may  be  varied  as  desired  by  raising 
the  proper  number  of  gates. 


LOCKS 

The  locks  are  to  be  of  concrete  mansonry  with  steel  gates 
of  the  horizontal  girder  type.  The  filling  and  emptying  of 
the  lock  chamber  will  be  effected  by  culverts  extending  from 
above  the  upper  gates,  through  the  side  walls,  to  a  point  below 
the  lower  gates  and  communicating  with  the  chamber  by  port 
pipes,  spaced  at  frequent  intervals  along  the  culvert’s  length. 
These  culverts  will  be  closed  at  each  end  by  counter-balanced 
vertical  lift  valves  provided  with  wheel  bearings  running  on 
tracks  bolted  to  the  masonry  on  the  downstream  side  of  the  valve- 
wells.  The  size  of  the  culverts  will  be  sufficient  to  fill  or  empty 
the  lock  chambers  in  from  five  to  seven  minutes. 
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In  the  case  of  the  small  lock,  buffer  beams  will  be  provided 
at  each  end  to  prevent  boats  from  striking  the  lock  gates  if  an  at¬ 
tempt  should  be  made  to  enter  the  lock  before  the  gates  are  fully 
opened.  The  buffer  beam  is  contained  in  a  recess  in  one  of  the  side 
walls,  where  it  is  mounted  on  a  vertical  axis  at  one  end.  The  free 
end  of  the  beam  swings  across  the  lock  approach  and  engages  in 
a  recess  of  the  opposite  wall.  I  his  buffer  beam  may  also  be  used 
to  construct  a  coffer  dam  by  setting  up  a  line  of  vertical  timbers, 
or  needles,  as  they  are  called,  across  the  lock  approach  with 
their  lower  end  resting  against  a  sill  at  the  bottom  and  their  tops 
supported  by  the  buffer  beam. 

Y\ith  the  larger  lock,  additional  sets  of  gates,  outside  of  the 
the  regular  lock  gates  and  closing  inward  towards  the  lock  cham¬ 
ber,  will  be  provided  to  form  the  coffer  dams,  as  the  width  to  be 
spanned  will  be  too  great  for  a  buffer  beam  to  be  used.  This 
lock  will  also  be  furnished  with  an  intermediate  set  of  gates  to 
shorten  the  length  of  lock  chamber  and  thus  reduce  the  amount 
of  water  used  in  making  a  lockage  when  small  boats  pass 
through.  All  locks  will  be  operated  by  electric  power,  generated 
at  the  site  either  by  hydro-electric  plants  or  by  gasoline-electric 
plants.  1  he  locations  and  lifts  of  locks  are  shown  in  Table  No.  1. 


BRIDGES 


I  he  Beaver,  Mahoning  and  Shenango  Rivers  and  Mos¬ 
quito  Creek  are  crossed  by  42  railroad  bridges  and  38  highway 
bridges,  most  of  which  will  require  modification  to  permit  the 
use  of  these  streams  for  navigation  purposes;  and  from  39  to  51 
additional  bridges,  the  number  depending  upon  the  route  se¬ 
lected,  will  be  necessary  to  carry  railroads  and  highways  over 
the  proposed  canal.  1  he  minimum  clearance  over  the  water  sur¬ 
face,  at  the  maximum  navigable  stage,  will  he  10  ft.,  and  the 
clear  width  between  piers  will  vary  from  140  to  180  ft.,  except 
where  there  is  an  existing  pier  on  the  center  line  of  the  canal 
with  ample  width  on  each  side  of  same.  The  railroad  tracks 
across  the  river  are  at  such  height  that  few  changes  in  grade  will 
be  necessary,  but  many  cases  occur  where  short  spans  must  be 
replaced  by  longer  spans  and  where  through  trusses  must  he  sub¬ 
stituted  for  deck-plate  girders.  The  standard  type  of  highway 
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bridge  adopted  for  the  canal  will  be  a  three-span  steel  structure 
consisting  of  one  long  channel  span  and  two  short  approach 
spans. 

The  channel  span  will  be  a  through  Pratt  truss  148  to  188 
ft.  long  and  the  two  approach  spans,  through  Warren  pony 
trusses,  15  ft.  long  each.  The  roadway  will  have  a  clear  width  of 
16  feet,  and  there  will  be  one  6-foot  sidewalk  placed  outside  of 
the  truss.  Over  the  several  feeder  channels,  which  have  less 
widths  than  the  main  channel,  bridges  of  75-foot  span  and  36- 
foot  span  will  be  required.  The  longer  bridges  will  be  pony 
trusses,  the  same  as  those  used  for  approach  spans  on  the  main 
canal,  while  the  smaller  bridges  will  be  reinforced  concrete, 
through  girders. 

These  bridges  will  be  designed  for  a  uniform  live  load  of  100 
lb.  per  sq.  ft.  on  the  roadway  and  80  lb.  per  sq.  ft.  on  the  side¬ 
walk,  also  for  a  concentrated  load,  such  as  a  15  ton  road  roller. 

GUARD  GATES 

Along  the  summit  level,  where  a  large  portion  of  the  canal 
will  be  in  embankment,  guard  gates  will  be  provided  at  intervals 
of  not  to  exceed  10  miles,  so  that  in  case  of  a  break  in  the  banks 
the  gates  may  be  closed,  thus  reducing  the  loss  of  water  and 
minimizing  the  damage  to  adjacent  property  from  the  outflow 
that  will  take  place.  These  gates  will  be  in  pairs,  one  on  each 
side  of  the  canal  center  line,  with  a  masonry  pier  between  the 
gates.  The  guard  gates  will  be  of  steel  and  of  the  girder  type, 
having  a  clear  width  of  55  feet  each.  They  will  lift  vertically  to 
a  sufficient  height  above  the  water  surface  to  allow  the  passage 
of  boats  beneath.  The  gates  will  be  counter-weighted  and  they 
will  have  wheel  bearings  traveling  on  tracks  bolted  in  recesses  of 
the  masonry. 


SPILLWAYS 

Spillways  will  be  necessary  for  each  level  of  the  land  line, 
to  discharge  the  surplus  water  that  may  enter  the  canal  from  the 
side  hills  and  to  prevent  a  raise  in  the  water  surface,  which 
might  overflow  the  canal  embankments. 
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AQUEDUCT 

At  one  point  along  the  canal  route  Mill  Creek,  a  stream  of 
considerable  size,  must  be  crossed,  where  an  aqueduct  will  be 
necessary.  This  aqueduct  will  be  of  concrete,  400  ft.  long  and 
34  ft.  above  the  Creek  bed.  The  trough  of  the  aqueduct  will  be 
100  ft.  wide  and  of  the  same  depth  as  the  canal.  This  will  be 
carried  on  piers  spaced  25  ft.  apart,  center  to  center.  The  floor 
and  sides  of  the  trough  will  be  of  reinforced  concrete.  At  the 
northern  end  of  the  aqueduct,  the  canal  will  be  carried  along  the 
bottom  land  adjacent  to  the  Creek  on  an  earth  fill  about  30  ft. 
high  until  high  land  is  reached,  a  distance  of  some  1300  ft. 


CULVERTS 

Where  the  canal  is  located  along  the  side  hills,  with  em¬ 
bankments  on  one  or  both  sides,  as  will  be  the  case  through 
a  large  part  of  the  summit  level,  and  northerly  of  same,  there 
are  numerous  places  where  small  streams,  ravines,  or  gulleys 
must  be  crossed.  If  these  low  spots  are  of  small  extent,  the 
embankment  on  the  high  side  will  be  omitted  and  the  water 
allowed  to  flood  back  over  the  land,  but  if  they  are  of  consid¬ 
erable  area,  provision  will  be  made  for  drainage  by  construct¬ 
ing  culverts  under  the  bed  of  the  canal.  These  are  called 
Dive  Culverts  if  the  bottom  is  lower  than  the  surface  of  the 
ground.  Some  40  or  60  of  such  culverts  will  be  required, 
varying  in  size  according  to  the  area  of  land  to  be  drained. 


RETAINING  WALLS 

Through  certain  portions  of  the  canal,  where  the  banks 
are  occupied  by  manufacturing  plants,  etc.,  retaining  walls 
must  be  built  along  the  sides  of  the  channels.  This  will  be 
necessary  along  a  considerable  stretch  of  the  river  through 
\oungstown,  Ohio,  and  to  a  lesser  extent  at  other  localities. 
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TERMINALS 

At  each  town  along  the  route  of  the  canal  there  will  be 
public  terminals  to  facilitate  the  loading  and  unloading  of 
freight  from  barges,  while  large  individual  shippers  will  be 
expected  to  provide  their  own  terminal  facilities.  The  public 
terminals  will  consist  of  a  vertical  wall,  about  300  ft.  long, 
with  a  basin  alongside  sufficiently  removed  from  the  channel 
that  a  boat  may  be  moored  at  the  wall  without  obstructing 
the  waterway.  Warehouses  will  be  built  at  each  site  to  re¬ 
ceive  such  freight  as  needs  protection  from  the  weather  and 
suitable  unloading  devices  will  be  installed.  At  the  Lake 
Erie  end  of  the  canal,  a  large  terminal  with  facilities  for  trans¬ 
ferring  freight  from  lake  vessels  to  canal  boats  will  be  neces¬ 
sary. 

WATER  SUPPLY 

The  water  supply  necessary  for  the  operation  of  the  canal 
must  provide  for  the  following  uses  and  losses : 

i.  For  filling  the  canal  prism  in  case  it  should  be  emp¬ 
tied  for  any  purpose. 

Loss  by  evaporation,  percolation,  and  absorption. 

y.  Loss  at  spillways,  aqueducts,  and  at  culverts. 

4.  Leakage  at  lock  gates  and  culvert  valves. 

5.  For  operating  the  lock  machinery,  including  electric 
lighting. 

6.  For  lockages. 

The  last  of  these  items  is  the  largest  and  it  depends  upon 
the  traffic  through  the  canal. 

The  navigation  season  will  probably  cover  a  period  of  8 
months  each  year  and,  under  maximum  traffic  conditions, 
about  8000  lockages  annually  will  be  possible  at  each  lock. 
These  lockages  will  be  alternately  up  and  down,  so  that  one 
lock  full  of  water  serves  for  two  lockages.  With  duplicate 
locks  at  each  site,  an  amount  of  water  equal  to  8000  lock-fulls 
will  be  required  for  the  locks  of  highest  lift,  each  side  of  the 
summit  level.  These  lifts  are  30  ft.  and  20.3  ft.  respectively. 

The  total  amount  of  water  required  annually  to  supply 
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the  canal  with  duplicate  locks  of  the  largest  size  will  be  about 
13  528  000  000  cu.  ft.  1  he  sources  of  supply  from  which  water 
is  to  be  obtained  are  the  Shenango  River  above  Turnersville. 
Pa.,  French  Creek  above  Meadville,  Pa.,  Pymatuning  Creek 
above  Orangeville,  Ohio,  and  the  Mahoning  River  above 
Pricetown,  Ohio. 

Provision  will  have  to  be  made  to  compensate  for  the  di¬ 
version  of  water,  for  canal  purposes,  from  the  upper  portion 
of  the  Shenango  River,  as  the  present  low  water  flow  is  not 
sufficient  to  furnish  an  adequate  supply  for  industrial  pur¬ 
poses  at  Greenville,  Sharpsville,  Sharon,  and  other  localities 
down  the  stream. 

I  here  is  a  bill  now  before  the  Legislature  to  appropriate 
money  for  the  construction  of  a  reservoir  in  the  Pymatuning 
Swamp  region,  to  be  used  for  regulating  the  flow  of  the  She¬ 
nango  River  to  a  minimum  of  450  cu.  ft.  per  sec.  This  will 
require  a  storage  of  about  6  000  000  000  cu.  ft.  annually  and 
hence  any  diversion  from  the  Pymatuning  Swamp  region 
must  be  made  good  from  other  sources. 

PYMATUNING  SWAMP  RESERVOIR 

The  main  canal  reservoir  will  be  in  the  Pymatuning 
Swamp  region  as  this  is  the  only  locality  where  a  large  stor¬ 
age  capacity  can  be  obtained.  A  dam  constructed  across  the 
Shenango  River  at  Turnersville  will  impound  the  water  from 
a  drainage  area  of  150  sq.  mi.  This  dam  will  be  an  earth  em¬ 
bankment,  4100  ft.  long,  with  a  200  ft.  concrete  spillway  and 
a  gate  house  at  its  western  end.  The  embankment  with  a 
maximum  height  of  53  ft.,  will  be  20  ft.  wide  on  top  with  side 
slopes  of  1  on  21/5.  The  downstream  slope  will  be  broken  by 
a  10  ft.  berm  at  about  one-half  the  height  of  the  dam.  A  con¬ 
crete  core  wall  will  extend  through  the  center  of  the  embank¬ 
ment. 

The  upstream  slope  of  the  dam  will  be  covered  with 
stone  paving  above  the  reservoir  level  and  with  rip  rap  below 
the  water  surface. 

The  top  of  the  dam  will  be  at  elevation  1030.0  and  the 
level  of  the  water  surface,  with  reservoir  full,  will  be  at  1020.0. 
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The  reservoir  will  cover  an  area  of  37.4  sq.  mi.  and  its 
capacity  will  be  about  17  931  000  000  cu.  ft.,  of  which 
16  500  000  000  cu.  ft.  will  be  available  for  use.  The  drainage 
area  tributary  to  the  reservoir  will  supply  about  7  000  000  000 
cu.  ft.  annually,  while  the  remaining  9  500  000  000  cu.  ft.  will  be 
brought  from  French  Creek. 

The  loss,  by  evaporation,  from  this  reservoir  may  amount 
to  1  000  000  000  cu.  ft.  and  will  reduce  the  capacity  to  that  ex¬ 
tent. 


PYMATUNING  CREEK  RESERVOIR 

A  reservoir  will  be  created  on  Pymatuning  Creek,  a  tribu¬ 
tary  of  the  Shenango  River  which  enters  the  main  stream  just 
above  Sharpsville,  by  constructing  a  dam  at  Orangeville, 
Ohio.  The  sole  purpose  of  this  reservoir  will  be  to  impound 
water  for  regulating  the  flow  of  Shenango  River,  to  compen¬ 
sate  for  that  diverted  to  the  canal  from  the  Pymatuning 
Swamp  area. 

The  dam  will  be  an  earth  fill,  5200  feet  long,  similar  to 
the  Pymatuning  Swamp  Reservoir  dam.  The  embankment 
will  h'ave  a  maximum  height  of  44  ft.  and  the  top  of  the  dam 
will  be  at  elevation  942.0.  A  200  ft.  concrete  spillway  will  be 
provided  with  crest  at  elevation  930.0,  at  which  level  the  res¬ 
ervoir  will  have  an  area  of  9.6  sq.  mi.  and  a  capacity  of  about 
3  OSS  000  000  cu.  ft. 

The  drainage  area  above  the  dam  site  is  140  sq.  mi.  As 
there  is  no  rock  at  this  site,  the  spillway  will  be  located  at  a 
portion  of  the  embankment  where  the  natural  ground  surface 
is  but  slightly  below  the  reservoir  level,  and  the  surplus  water 
will  be  carried  down  to  the  stream,  at  a  point  some  1000  feet 
below,  through  an  artificial  channel  in  which  there  will  be 
three  successive  drops.  A  gate  house  with  outlet  pipes,  lo¬ 
cated  in  the  deepest  part  of  the  Creek  channel,  will  provide 
for  feeding  water  to  the  stream.  The  drainage  area  above 
this  dam  will  furnish  about  7  000  000  000  cu.  ft.  of  water  an- . 
nually  and  the  reservoir  will  make  some  4  500  000  000  cu.  ft. 
available  for  stream  regulation. 
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MAHONING  RIVER  RESERVOIR 

The  Milton  reservoir  constructed  by  the  city  of  Youngs¬ 
town  on  the  Mahoning  River,  just  above  Pricetown,  Ohio,  lias 
a  drainage  area  of  284  sq.  mi.  The  dam  is  2830  feet  long,  con¬ 
sisting  of  an  earth  embankment  and  a  650  ft.  concrete  spill¬ 
way  of  heavy  ogee  section.  The  water  surface,  with  reser¬ 
voir  full,  is  at  elevation  950.0  and  covers  an  area  of  2.07  square 
miles. 

The  reservoir  capacity  is  about  1  270  000  000  cubic  feet. 
1  he  embankment,  which  has  a  maximum  height  of  36.5  ft., 
extends  to  elevation  959.5  and  is  20  ft.  wide  on  top,  with 
side  slopes  of  1  on  2.  A  2-foot  concrete  cut-off  wall  extends 
down  to  rock  at  the  foot  of  the  upstream  slope,  and  this  slope 
is  covered  with  a  thin  layer  of  concrete  over  its  lower  portion 
and  with  rubble  masonry  on  its  upper  portion.  The  down¬ 
stream  slope  is  covered  with  rip  rap.  Four  60-inch  cast  iron 
pipes,  with  gate  valves  at  their  upper  end,  pass  through  the 
masonry  portion  of  the  dam  for  regulating  the  flow  from  the 
reservoir. 

The  flow  from  the  drainage  area  above  this  dam  would 
fill  a  reservoir  of  very  much  larger  capacity  and  there  will  be 
available  during  the  navigation  season  about  3  000  000  000 
cubic  feet  of  water. 

A  recapitulation  of  the  various  supplies  enumerated,  tak¬ 
ing  account  of  the  reservoir  capacity  only  and  disregarding 
their  cumulative  effect,  is  as  follows : 

Pymatuning  Swamp  Reservoir . 16  500  000  000  cu.  ft. 

Pymatuning  Creek  Reservoir .  3  085  000  000  cu.  ft. 

Mahoning  River  Reservoir .  1  270  000  000  cu.  ft. 


Total  . 20  855  000  000  cu.  ft. 

The  amounts  of  water  necessary  are : 

For  Shenango  River  regulation .  6  000  000  000  cu.  ft. 

For  Canal  purposes . 13  528  000  000  cu.  ft. 

For  evaporation  loss .  1  000  000  000  cu.  ft. 


Total 


20  528  000  000  oil.  ft. 


304  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENN  A. 

Should  it  be  found  that  a  larger  supply  of  water  than  has 
been  contemplated  is  necessary,  additional  storage  may  be 
obtained  on  the  head  waters  of  French  Creek,  on  the  Mahon¬ 
ing  River,  and  on  Pymatuning  Creek,  for  which  good  reser¬ 
voir  sites  are  available. 

FEEDERS 

Three  feeder  channels  will  be  necessary, — French  Creek 
Feeder  to  conduct  water  from  French  Creek  to  the  Pymatun¬ 
ing  Swamp  Reservoir;  Mill  Creek  Feeder,  to  supply  water 
from  the  Pymatuning  Swamp  Reservoir  to  the  summit  level 
of  the  canal,  and  Mahoning  River  Feeder  to  furnish  water 
from  the  Mahoning  River  Reservoir  to  the  summit  level  of 
the  canal. 

FRENCH  CREEK  FEEDER 

It  is  proposed  to  divert  water  from  French  Creek  only 
when  the  natural  flow  exceeds  1000  cu.  ft.  per  sec.,  taking 
such  water  as  is  available,  in  excess  of  that  amount,  up  to  the 
capacity  of  the  feeder,  which  will  be  1000  cu.  ft.  per  sec. 

A  diversion  dam  will  be  constructed  across  French  Creek 
at  the  site  of  the  old  Bemus  Dam,  about  2y2  miles  above 
Meadville,  Penna. 

The  drainage  area  of  French  Creek,  above  this  dam  site, 
is  about  907  sq.  mi.  and  the  gage  records  of  the  State  Water 
Supply  Commission  at  Carlton,  a  few  miles  below  Meadville, 
show  that  the  flow  is  in  excess  of  1000  cu.  ft.  per  sec.  for  about 
six  months  of  each  year.  The  minimum  amount  of  water  that 
may  be  obtained  in  excess  of  1000  cu.  ft.  per  sec.,  as  shown  by 
records  from  1910  to  1914,  inclusive,  is  some  9  500  000  000  cu. 
ft.,  which  will  be  sufficient  to  fill  the  Pymatuning  Swamp 
Reservoir. 

The  feeder  extends  down  the  right  bank  of  the  Creek, 
skirting  the  side  hill,  with  an  open  channel  30  ft.  wide  on  the 
bottom  and  9.5  ft.  deep,  with  side  slopes  of  1  on  2.  At  a  distance 
oi  iy2  miles  below  the  dam,  Cussewago  Creek  is  crossed  by  a 
concrete  aqueduct,  200  ft.  long,  and  a  mile  further,  at  Kerr- 
town,  the  feeder  passes  through  a  narrow  shelf  of  land,  with 
an  abrupt  descent  to  French  Creek  on  one  side  and  a  high  hill 
on  the  other.  As  the  elevation  of  this  land  is  some  10  or  12 
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ft.  below  the  hydraulic  grade  of  the  feeder,  a  concrete  pres¬ 
sure  conduit,  4000  ft.  long,  will  be  necessary  to  carry  the 
water  to  a  point  where  the  ground  is  sufficiently  high  for  an 
open  channel  to  be  used.  Some  two  miles  further  down  the 
valley,  a  hill  300  ft.  high  is  encountered,  through  which  the 
water  will  be  carried  by  a  tunnel  4100  ft.  long.  The  feeder 
passes  across  the  southern  end  of  Conneaut  Lake  on  an  em¬ 
bankment,  with  its  water  surface  10  ft.  higher  than  the  lake 
level,  i'he  feeder  will  have  a  total  length  of  20  miles  and  will 
enter  the  reservoir  in  the  vicinity  of  Shermanville.  The  aver¬ 
age  grade  will  be  0.03  ft.  per  mile,  excepting  on  the  last  mile, 
where  there  will  be  a  descent  of  00  ft.  to  the  reservoir  level, 
which  will  be  accomplished  by  a  succession  of  six  vertical 
drops. 

MILL  CREEK  FEEDER 

The  Mill  Creek  feeder,  through  which  water  from  the 
Pymatuning  Swamp  Reservoir  will  be  brought  to  the  summit 
level  of  the  canal,  will  be  30.2  miles  long  or  34.5  miles  long, 
depending  upon  whether  the  Mosquito  Creek  route  or  the 
Grand  River  route  is  adopted.  This  channel  with  a  capacity 
of  GOO  cu.  ft.  per  sec.  will  be  25  ft.  wide  on  the  bottom  and  8 
ft.  deep,  with  side  slopes  of  1  on  2.  In  leaving  the  Pymatun¬ 
ing  Swamp  Reservoir,  it  passes  through  a  hill  where  the 
depth  of  cut  will  be  40  ft.  For  a  few  miles  it  follows  the 
course  of  the  East  Branch  of  Ashtabula  River,  and  leaving 
that  stream  it  passes  along  the  side  hill  to  the  west,  crosses 
the  west  branch  of  Ashtabula  River,  on  a  concrete  aqueduct 
and  passes  into  Peters  Creek,  a  tributary  of  Mill  Creek,  fol¬ 
lowing  the  natural  channel  of  these  streams  to  a  point  in  the 
vicinity  of  Jefferson,  Ohio,  where  it  leaves  Mill  Creek  with 
an  artificial  channel  which  skirts  the  side  hills  around  to  the 
south  into  the  Grand  River  Valley,  reaching  the  summit  level 
of  the  Mosquito  Creek  line  in  the  neighborhood  of  Three 
Brothers  Creek.  To  reach  the  Grand  River  line  the  feeder 
continues  on  from  this  point,  passing  under  Rock  Creek  in  an 
inverted  syphon,  and  meets  the  summit  level  some  three  miles 
south  of  Rock  Creek  Station.  The  grade  on  this  feeder  will 
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be  about  one-half  foot  per  mile,  excepting  in  the  natural  chan¬ 
nels,  where  the  fall  will  be  quite  rapid. 

MAHONING  RIVER  FEEDER 

Water  from  the  Mahoning  River  Reservoir  will  be 
brought  directly  to  the  summit  level,  on  the  Grand  River  Val¬ 
ley  route,  through  the  present  river  channel,  but  if  the  Mos¬ 
quito  Creek  route  is  adopted  an  artificial  channel  16J4  miles 
long  will  be  necessary.  In  this  latter  event,  a  300  ft.  diversion 
dam  will  be  built  across  the  Mahoning  River  about  four  miles 
below  the  reservoir  site,  from  which  the  water  will  be  car¬ 
ried  in  an  open  channel  12  ft.  wide  on  the  bottom  and  6  ft. 
deep,  with  side  slopes  of  1  on  2,  having  a  capacity  of  140  cu. 
ft.  a  second.  This  channel  extends  down  the  right  bank  of 
the  river  for  a  distance  of  7.4  miles  and  then  crosses  under 
the  river  bed  to  the  left  bank  in  an  inverted  syphon  of  rein¬ 
forced  concrete. 

Just  north  of  Warren,  Ohio,  high  land  is  encountered  for 
a  stretch  of  8000  feet,  where  the  maximum  depth  of  cut  will 
be  60  ft.  Through  this  high  land  there  will  be  a  tunnel  300 
feet  long  at  a  point  where  the  feeder  crosses  under  the  Erie 
Railroad.  The  feeder  will  discharge  into  the  Mosquito  Lake, 
at  the  southern  end  of  the  summit  level.  The  total  fall  of  this 
feeder  will  be  6.6  ft. 

TYPE  OF  BOATS 

Vessels  with  the  free  board  and  height  of  upper  works 
that  is  necessary  for  lake  navigation  are  not  suitable  for  use 
on  a  canal  that  is  crossed  by  numerous  bridges,  and  more¬ 
over.  the  cost  of  lake  vessels  and  the  expense  of  operation  is 
too  great  to  allow  them  to  compete  with  boats  built  solely 
for  inland  navigation.  The  type  of  boat  best  adapted  for 
transportation  of  bulk  freight  and  package  freight,  on  the 
canal,  is  believed  to  be  a  power-driven  barge  of  the  largest 
dimensions  that  the  depth  of  water  and  size  of  locks  will  ac¬ 
commodate  and  which  requires  a  minimum  height  of  bridges. 

Such  a  type,  known  as  the  “Bernhard  Barge,”  has  been 

*  _ 

developed  by  the  Alabama  and  New  Orleans  Transportation 
Company  for  the  carriage  of  coal  and  other  freight  between 
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New  Orleans  and  the  Alabama  coal  fields  on  the  Black  War¬ 
rior  River.  The  barges  used  by  the  above  Company  are  of 
steel  construction,  240  ft.  long,  32  ft.  wide,  and  8  ft.  deep 
The  cargo  is  carn'ed  on  the  deck  in  a  cargo  box  having  a  ca¬ 
pacity  of  1000  tons.  The  barge  is  operated  at  a  speed  of  from 
6  to  8  miles  per  hour  by  internal  combustion  engines  driving 
twin  screws  and  using  gas  for  fuel  produced  from  coal  or 
from  refuse  coke,  which  latter  is  obtained  at  a  low  cost.  Tin- 
machinery  and  fuel  occupy  little  space  and  a  crew  of  but  nine 
men  is  required.  1  he  cost  of  operating  this  barge  for  one 
round  trip  from  New  Orleans  to  Gilmore,  Ala.,  and  return, 
a  total  distance  of  960  miles,  was  $356.95,  and  with  full  cargoes 
both  ways  this  would  amount  to  0.37  mills  per  ton  mile. 


COST  OF  TRANSPORTATION  ON  T1IE  CANAL 
Plans  for  bulk  freight  carriers  and  for  package  freight 
carriers  of  this  type,  suitable  for  the  proposed  canal,  with  the 
larger  size  of  lock,  have  been  prepared  by  a  marine  architect 
together  with  estimates  of  cost  for  operating  same.  From 
these,  the  approximate  cost  of  transporting  freight  for  a  dis¬ 
tance  of  150  miles,  from  the  Lake  terminal  to  points  on  the 
Ohio  or  Monongahela  River,  has  been  determined  as  follows: 


BULK  FREIGHT  CARRIERS,  340  FT.  LONG  AND  54  FT.  WIDE. 

r°r  i?  <Jept,h  ofr  canal<  10c  Per  ton  or  0-67  mills  per  ton  mile. 

For  1_  ft.  depth  of  canal,  7.6c  per  ton  or  0.51  mills  per  ton  mile 

Por  la  tt.  depth  ot  canal,  6.5c  per  ton  or  0.43  mills  per  ton  mile. 

PACKAGE  FREIGHT  CARRIERS,  340  FT.  LONG  AND  54  FT.  WIDE 

For  9  ft.  depth  of  canal,  43c  per  ton  or  2.89  mills  per  ton  mile 
hor  2  ft.  depth  ot  canal,  35.4c  per  ton  or  2.36  mills  per  ton  mile, 

hor  la  ft.  depth  of  canal,  30.5c  per  ton  or  2.03  mills  per  ton  mile 


CAPACITY  OF  CANAL 

1  he  ultimate  capacity  of  the  canal  is  fixed  by  the  number 
of  lockages  that  can  be  made  and  by  the  tonnage  of  the  boats. 
The  number  of  lockages  depends  upon  the  time  necessarv  to 
operate  a  lock  and  on  the  movement  of  boats.  The  first  item 
can  readily  be  determined  but  the  second  cannot  be  calculated 
with  any  degree  of  accuracy,  since  large  boats  must  move 
slowly  while  entering  or  leaving  a  lock,  and  there  are  innu¬ 
merable  accidents  and  delays  that  occur  in  spite  of  all  pro- 
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cautions  that  may  be  taken.  The  best  information  available 
on  this  subject  is  found  in  the  annual  report  of  St.  Mary’s 
Falls  Canal  at  Sault  Ste.  Marie,  Michigan,  which  has  the 
largest  traffic  of  any  artificial  waterway  in  the  world.  The 
maximum  number  of  lockages,  by  a  single  lock,  was  made  in 
1895  through  the  Weitzel  Lock,  then  the  only  one  in  opera¬ 
tion.  During  a  period  of  231  days  16  793  vessels  passed 
through  this  lock  in  7039  lockages,  an  average  of  2.39  boats  at 
a  lockage  and  30.47  lockages  per  day.  The  traffic  through  the 
canal  was  so  heavy  that  boats  were  delayed  an  average  of  5 
hours  48  minutes,  and  the  capacity  of  the  lock  may  be  as¬ 
sumed  to  have  been  reached.  The  lock  can  be  operated  in  ten 
minutes.  The  greatest  number  of  lockages  ever  made  in 
twenty-four  hours  is  41,  which  record  has  been  reached  but 
three  times  in  a  period  of  twenty-six  years.  Had  boats  passed 
through  singly,  instead  of  several  at  a  time,  the  number  of 
lockages  would  have  been  increased  somewhat,  but  fewer 
boats  would  have  passed. 

From  a  consideration  of  the  foregoing,  it  is  believed  that 
8000  lockages,  of  single  boats,  may  be  made  in  a  season  of 
eight  months.  The  dead  weight  carrying  capacity  depends 
upon  the  character  of  freight  carried  and  also  whether  it  is 
package  freight  or  in  bulk.  The  approximate  capacity  of 
boats  of  the  maximum  dimensions  for  the  various  sizes  of 
locks  and  depths  of  canal  are  as  given  in  Table  No.  4. 


TABLE  No.  4 

CARRYING  CAPACITY  OF  BOATS 


LOCKS  45  ft.  by  340  ft.  LOCKS  56  ft.  by  400  ft. 
BOATS  43  ft.  by  300  ft.  BOATS  54  ft.  by  350  ft. 


DEPTH  OF  CANAL 


Bulk 

Freight 

Carrier 


Package  Bulk 

Freight  Freight 

Carrier  Carrier 


Package 

Freight 

Carrier 


9  ft . 1900  Tons  550  Tons  2800  Tons  800  Tons 

12  ft . 3050  “  775  “  4500  “  1130  “ 

15  ft . 4150  “  1020  “  6100  “  1500  “ 


As  a  large  part  of  the  traffic  over  this  canal  would  un¬ 
doubtedly  be  bulk  freight,  such  as  coal  and  iron  ore,  it  is  evi¬ 
dent  that  the  canal  will  provide  for  a  very  large  tonnage,  and 
by  duplicating  the  locks  the  amount  may  be  doubled. 
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DISCUSSION 

Mr.  I  homas  P.  Roberts*  :  Years  ago  a  famous  French 
engineer  was  asked  what  was  the  first  requisite  of  a  good  canal 
route,  and  his  answer  was  “sufficient  business  to  warrant  con¬ 
struction.  He  was  asked  would  not  the  question  of  water  sup¬ 
ply  demand  the  first  attention  and  he  said  “No,  for  in  France 
water  could  he  found  and  taken  anywhere  that  commerce  de¬ 
manded  it.”  In  18<>2  the  writer,  before  the  Pittsburgh  Chamber 
of  Commerce,  was  being  quizzed  about  the  canal  and  was  asked 
by  a  member:  What  would  be  the  extra  tax  on  a  ton  of  freight 
if  all  the  water  for  the  canal  had  to  be  pumped  to  the  summit 
level,  327  feet  above  Lake  Erie-  The  estimated  annual  business 
for  the  canal  was  then  20  000  000  tons,  with  an  annual  con¬ 
sumption  of  water  about  nine  billion  cubic  feet.  Pittsburgh 
water  works  cost  of  raising  water  was  then  about  three  cents 
per  million  gallons  raised  one  foot.  Notwithstanding  the  writer’s 
protest  that  it  was  absurd  to  go  into  such  figures  when  water 
m  abundance  could  be  made  to  flow  by  gravity  to  the  summit 
evel,  he  felt  compelled  to  answer  the  hypothetical  question.  The 
answer  was  somewhat  less  than  five  cents  per  ton  on  the  twentv 
million  tons  of  freight,  including  cost  of  pumping  plant,  interest 
charges  and  cost  of  pumping.  It  was  agreed  to  at  the  time  that 
the  five  cents  extra  tax  could  be  borne,  if  necessary,  without 

seriously  injuring  the  canal’s  utility  in  competition*  with  the 
railways. 

It  is  a  pleasure  to  note  that  all  that  has  heretofore  been 
shown,  after  the  careful  earlier  surveys,  in  regard  to  the  suf¬ 
ficiency  of  the  water  supply  has  been  verified  by  the  work  of 
the  present  commission. 

A  peculiar  feature  of  this  project  is  that  it  presents  no  great 
engineering  difficulties,  nevertheless  there  are  many  interesting 
problems  involving  matters  of  choice  as  to  plans  best  adapted  to 
the  future  needs  of  the  traffic  through  the  canal.  Among  the 
more  important  details  which  the  present  commission  has  left 
apparently  open  for  discussion  relates  to  the  depth  of  canal  and 
size  of  locks,  and  a  subsidiary  matter  which  Mr.  Stickney,  at 

*U.  S.  Engineer  Office.  Pittsburgh. 
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least,  has  not  left  open  for  discussion,  and  that  is  the  minimum 
clearance  for  boats  beneath  bridges. 

In  a  cursory  reading  of  the  paper  before  us  the  present 
writer  fails  to  find  any  reference  to  the  possibilities  of  draw¬ 
bridges  or  bascules.  No  one  for  a  moment  doubts  the  inad¬ 
visability  of  recommending  draw-bridges  for  main  line  railways 
or  prominent  streets,  yet  there  are  occasional  places  along  the 
canal  where  manufacturing  plants  on  low  ground  may  be  in 
need  of  canal  crossings,  where  there  would  be  little  danger  in 
the  use  of  draw  bridges.  It  is  danger  to  the  users  of  draw¬ 
bridges,  rather  than  inconvenience  to  canal  traffic,  which  should 
always  claim  the  first  consideration. 

An  argument  for  the  proposed  clearance  of  sixteen  feet  may 
be  drawn  from  the  following  statement  in  Mr.  Stickney’s  paper: 
“Vessels  with  the  free  board  and  height  of  upper  works  that  is 
necessary  for  the  lake  navigation  are  not  suitable  for  a  canal 
that  is  crossed  by  numerous  bridges,  etc.” 

The  present  writer  has  hoped  when  the  canal  was  built  that 
certain  special  types  of  self-propelling  barges,  capable  of  pass¬ 
ing  through  the  New  York  barge  canal,  now  far  advanced 
towards  completion,  could  be  brought  through  that  canal  and 
thence  via  the  lake  and  through  our  own  canal  to  Pittsburgh. 
The  type  of  barge  he  had  in  view  had  just  sufficient  power  to 
move  at  canal  speed  and  would  usually  propel  itself  in  the  Ohio 
and  Monongahela  Rivers.  On  the  lakes,  however,  such  barges 
would  generally  be  safer  if  towed  in  fleets  by  powerful  lake 
tugs-  The  nearest  published  drawing  to  the  writer’s  ideal  of  a 
self-propelling  bulk  canal  barge,  of  2  400  tons  capacity,  is  that 
shown  in  the  October  number,  1914,  of  the  “New  York  Barge 
Canal  Bulletin,”  designed  by  John  H.  Barnard,  length  310  feet, 
beam  40  feet,  draught  9  feet,  cargo  box  10  feet  above  deck,  etc. 
Had  Barnard  provided  for  4-foot  false  bulwarks  (for  the  lakes) 
and  placed  a  small  electrically  operated  turbine  to  push  the  bow 
of  his  barge  either  to  the  right  or  left  to  avoid  collisions  with 
the  lock  walls  or  collisions  with  passing  vessels,  his  model  would, 
for  canal  navigation,  have  been  nearly  perfect. 

It  would  be  well  for  friends  of  the  canal  to  remember  that 
upon  its  completion  gas  coal  for  Rochester,  Albany,  New  York, 
Boston,  etc.,  from  the  Pittsburgh  district,  could  be  shipped  ad- 
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vantageously  by  water.  If,  however,  the  coal  must  be  trans¬ 
ferred  at  Indian  Creek  to  lake  vessels  and  again  at  Buffalo  to 
canal  boats  its  salable  value  would  suffer  considerably,  plus  the 
cost  of  two  handlings. 

I  here  are  times  following  hard  storms  that  even  sections 
of  the  canal  may  rise  a  foot  or  more,  in  which  event  the  clear¬ 
ance  under  bridges  might  be  less  than  15  feet,  when  even  a 
partly  loaded  Barnard  barge  might  not  be  able  to  pass  beneath 
the  bridges  of  minimum  height  as  proposed  by  Mr.  Stickney. 

Referring  to  locks,  attention  is  for  the  present  directed  to 
their  proposed  widths,  either  45  or  56  feet,  as  mentioned  in  the 
paper  of  the  evening.  The  width  of  56  feet  for  river  locks  in 
this  district  came  about  in  a  very  early  period  (1848)  in  the 
coal  trade,  when  coal  “boats,”  so-called,  170  feet  by  26  feet,  of 
1  000  tons  capacity,  were  built  for  the  far  Southern  trade.  Two 
of  them  lashed  together,  side  by  side,  could  be  passed  through 
the  old  locks;  or  three  of  them  with  their  tending  stern  wheel 
steamboat,  through  the  new  existing  locks  (360  feet  by  56  feet 
area).  Such  a  river  tow  would  be  impracticable  in  a  canal  and 
if  strung  out  single  file  would  be  very  unwieldy,  especially  with 
empty  boats  in  strong  westerly  winds  crossing  a  north  and 
south  canal.  In  the  writer’s  opinion,  never  more  than  two  lock¬ 
ages  should  be  granted  for  single  fleets  in  the  canal,  and  the 
maximum  width  of  canal  lock  chambers  should  not  exceed  15 
feet.  While  the  canal  company  with  which  the  writer  is  con¬ 
nected,  in  a  printed  report,  speaks  of  56-foot  lock  widths,  it 
said  so  against  the  writer’s  positive  advice  to  the  contrary.  The 
writer  desires  to  say  that  with  much  experience  in  the  care  and 
operation  of  the  Monongahela  locks,  doing  a  business  of  ten  to 
twelve  millions  of  tons  annually,  he  has  observed  with  the  in¬ 
crease  of  boat  width  and  length  in  recent  years,  with  the  steel 
barges  coming  into  vogue,  a  notable  increase  in  the  time  of 
locking  such  boats.  1  he  time  lost  is  due  to  the  very  slow  speed 
allowable  in  entering  the  chambers  to  avoid  damaging  the  gates, 
or  damaging  the  boats  if  they  strike  the  walls.  The  utmost 
vigilance  is  requisite  on  the  part  of  the  lockman  and  the  pilot 
of  the  steamer  in  passing  these  great  boats  through  the  locks. 
The  pilot  has  at  his  command  the  really  wonderful  stern  wheel, 
which  can,  when  backed,  throw  several  hundred  horse-power 
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against  a  row  of  long  balanced  rudders-  No  side  winds  or 
cross  currents  against  a  fleet  of  boats  ahead  of  a  stern-wheeler 
have  any  terrors  for  a  pilot  having  balanced  rudders  at  com¬ 
mand.  As  the  stern  wheel,  however,  is  not  well  adapted  to 
canals,  where  every  foot  of  hull  length  should  be  available  for 
cargo,  the  next  best  thing  to  secure  efficient  steering  power  of 
long  canal  barges  is  the  transverse  turbine  at  the  bow  of  the 
barge,  which  has  already  been  referred  to. 

The  56-foot  width  in  locks  would  mean  a  very  considerable 
increase  in  width  of  the  canal  prism  over  that  required  for  locks 
of  45  feet  width.  This  would  involve  a  great  cost :  First,  in 
excavation ;  second,  in  lock  and  lock  gate  construction ;  third, 
bridges,  but  more  important  than  these,  a  large  increase  in  the 
cost  of  water  supply.  There  would  further  be  an  increased 
liability  to  accidents,  which  might  greatly  interrupt  navigation 
at  times  due  to  the  extra  size  or  weight  of  boats.  The  New  York 
engineers  made  no  mistake  in  advising  45  ft.  for  lock  widths, 
but  erred  seriously  in  not  providing  for  duplicate  locks. 

Heretofore,  little  has  been  said  about  the  necessity  of  double 
locks  on  the  canal.  Of  course,  there  should  be  duplicate  locks. 
Any  riverman  about  Pittsburgh  can  inform  inquirers  as  to  the 
reason  for  this,  for  it  is  certain  that  with  all  possible  care  ac¬ 
cidents  to  lock  gates,  or  valves,  are  apt  to  throw  a  lock  out  of 
commission  for  days  or  even  weeks  at  a  time,  so  that  the  busi¬ 
ness  of  our  projected  canal  would  be  subject  to  paralysis  at  any 
time  if  duplicate  locks  are  not  provided  for. 

One  more  point  may  be  referred  to,  and  that  is  as  to  the 
proposed  depth  for  the  canal — nine  feet,  twelve  feet  and  fifteen 
feet  being  spoken  of  by  the  commission. 

The  commission  of  1889-90,  of  which  the  writer  was  a 
member,  recommended  15  feet  depth.  It  was  a  compromise  be¬ 
tween  a  possible  10  feet  asked  for  at  the  river  end,  and  the  lake 
people  who  derided  anything  short  of  20  feet.  The  1890  plan 
called  for  a  canal  paralleling  the  Ohio  to  Davis  Island  Dam, 
above  which  point  there  is  a  pool  river  depth  of  14  feet  for 
about  two  miles.  The  writer  was  always  somewhat  dubious  of 
securing  15  feet  of  water  any  farther  up  than  Pittsburgh  with¬ 
out  a  very  inordinate  expenditure.  Not  only  is  the  channel,  but 


DISCUSSION — LAKE  ERIE  AND  OHM)  RiVi-.R  CANAL 


:U:i 


the  depth  at  wharves,  landings,  coal  tipples,  etc.,  to  be  secured 
and  maintained- 

1  he  situation,  however,  is  wonderfully  relieved  when  we 
come  to  speak  of  12  teet  navigable  depth,  permitting  of  safe 
passage  for  vessels  of  10 1/2  feet  draught. 

Xow ,  the  movable  type  of  dams  on  the  Ohio  River  provides, 
from  the  mouth  of  the  Heaver  River  to  Pittsburgh,  onlv  nine 
feet  depth.  Xo  one,  of  course,  is,  or  can  without  express 
authority  from  Congress,  be  authorized  to  speak  for  the  United 
States.  1  he  writer  was,  however,  present  in  the  Commerce 
Committee  of  the  Senate,  at  Washington,  when  the  Committee 
heard  the  Ship  Canal  Company  in  the  matter  of  granting  a 
national  charter  for  a  twelve-foot  canal  from  the  mouth  of  the 
Bea\  er  Ri\  er  to  Lake  Erie.  I  he  charter  was  granted,  with  the 
full  understanding  by  many  Senators  that  the  Government  could 
be  depended  upon  to  do  the  right  thing  with  the  river  at  the 
right  time.  The  “right  thing,”  of  course,  would  be  to  build 
permanent  dams  on  the  Ohio  Locks  Xos.  1  to  (>,  inclusive,  which 
would  not  increase  the  flood  heights  to  anv  appreciable  degree, 
and  on  said  dams  place  adjustable  steel  shutters,  or  wickets, 
which  would  hold  the  water  during  the  summer  and  fall  at  1*2 
feet  depth  over  the  lock  sills.  For  the  Monongahela  River,  now 
provided  with  fixed  dams  affording  eight  feet  depth  for  sixty- 
five  miles,  there  is  needed  only  adjustable  tops  of  4-fcet  lift  to 
make  12  feet  depth  on  lock  sills.  Somewhat  greater  height  of 

adjustable  tops  to  continue  said  depth  to  Fairmont,  W.  Ya. _ 1‘2S 

miles  above  Pittsburgh — would  be  required  above  Lock  Xo.  (>. 
Jt  can  be  shown  that  the  expense  of  doing  this  work  on  the 
rivers  will  be  small  compared  with  the  benefit  to  be  secured  to 
coal  and  coke  producers.  It  is  something  the  people  of  Xew 
Xork.  Chicago,  Milwaukee,  Detroit  and  the  mining  interests 
of  Michigan  and  Minnesota  would  be  interested  in. 

In  conclusion,  the  writer  begs  to  be  excused  for  departing 
occasionally  from  the  strict  engineering  points  of  the  projected 
canal.  As  so  many  of  the  members  of  our  Society  arc  unfa¬ 
miliar  with  the  merits  of  the  proposition  to  build  a  canal  to  the 
lakes,  it  occurred  to  the  writer  that  unless  considerable  latitude 
was  allowed  there  would  be  little  heart  in  discussing  the  engi¬ 
neering  points  of  what  so  many  persist  in  calling  “a  dream.” 
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Now,  in  reality,  it  is  the  friends  of  the  canal  who  are  loudly 
calling  the  pessimists  to  waken  up  and  see  what  can  be  done  for 
Pittsburgh. 


Mr.  Gregory  M-  Dexter*  :  Except  in  a  general  way,  it 
would  be  presumptuous  for  me  to  discuss  Mr.  Suckney’s  paper 
on  the  “Lake  Erie  and  Ohio  River  Canal.”  Where  he  has  had 
a  year  for  its  study,  I  have  had  a  few  hours  in  the  last  three 
days.  However,  there  are  a  number  of  features  which  have 
appealed  to  me  as  worthy  of  serious  attention.  Some  of  these 
have  not  been  taken  up  in  Mr.  Stickney’s  paper,  but  I  believe 
that  in  considering  the  feasibility  of  the  Canal,  we  should  bear 
them  in  mind. 

In  the  first  place,  Mr.  Stickney  does  not  make  any  mention 
of  the  cost  of  the  canal.  Undoubtedly,  in  the  end  we  shall  hear 
from  him  as  to  the  estimate  of  cost.  Available  information 
in  the  past  shows  that  it  will  be  over  $50  000  000.  To  that  must 
be  added  the  necessary  amounts  for  the  harbors  and  the  deep¬ 
ening  of  the  channels  of  the  Monongahela  and  Allegheny  Rivers 
if  boats  of  12-  and  15-foot  draft  are  used.  Another  point,  which 
is  rarely  if  at  all  considered  as  a  proper  charge  to  the  cost  of 
the  canal,  is  the  necessary  revision  which  existing  industries  will 
have  to  make  if  they  desire  to  make  use  of  the  canal.  This  is  a 
feature  often  overlooked,  but  notwithstanding,  it  is  very  im¬ 
portant.  Somebody  has  to  bear  the  burden  of  the  cost  of  that 
revision  whether  it  is  charged  to  the  canal  or  individuals. 

As  to  the  ultimate  cost,  it  is  interesting  to  note  that  a  great 
many  waterway  projects  have  exceeded  the  estimate.  It  is  en¬ 
tirely  legitimate  to  question  the  final  cost  of  this  project.  It  is 
a  point  of  considerable  interest  to  note  that  the  Welland  Canal 
cost  nearly  $1  000  000  a  mile,  although  it  had,  I  believe,  a  depth 
of  14  feet  and  ample  water  supply.  The  Ohio  River  and  Lake 
Erie  Canal  has  a  length  of  about  100  miles.  If  we  connect  this 
with  an  average  cost  of  nearly  $1  000  000  per  mile,  we  have  a 
result  which  is  at  least  interesting. 

It  should  be  borne  in  mind  that  this  canal  will  serve  only 
the  community  along  its  banks.  That  has  been  the  experience 
with  the  Ohio  River  in  the  past  and  there  is  no  reason  to  expect 
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a  change  in  the  future.  In  this  respect  the  proposed  Lake  Krie 
and  Ohio  River  Canal  is  in  no  wise  different  from  the  Ohio 
River.  In  comparison,  the  railroads  through  their  connections 
with  each  other  may  he  said  to  enter  everybody’s  backyard.  The 
legislation  for  this  canal  would  favor  the  few  at  the  expense  of 
many. 

In  one  portion  of  Mr.  Stickney’s  paper  he  mentions  the 
actual  navigation  season  as  about  eight  months  long.  It  is  true 
that  the  average  for  a  number  of  years  at  both  Duluth  and  the 
St.  Mary  Canal  shows  a  season  of  239  days.  However,  the 
insurance  companies  practically  limit  this  to  225  days.  We  may 
expect  loss  of  time  from  floods  on  the  Ohio  and  Monongahela 
Rivers  to  cause  still  further  reduction.  It  is  legitimate  to  expect 
a  certain  amount  of  breaks  in  the  canal.  The  best  of  engineering 
care  will  not  overcome  these.  It  is  always  dangerous  to  reason 
from  analogy,  but  it  is  interesting  to  note  that  the  old  Erie  Canal 
from  1888  to  1895  lost  an  average  of  27  days,  or  nearly  13  per¬ 
cent  of  the  navigation  season.  In  the  season  of  1898  this  in¬ 
creased  to  54  days  and  in  1900  to  42  days.  We  may  expect 
losses  due  to  accidents  of  one  sort  or  another  such  as  collisions, 
breaking  of  rudder  chains,  etc.  On  the  St-  Mary’s  Canal  in  1899 
this  amounted  to  nine  days.  It  is  true  that  losses  of  this  nature 
may  never  come;  at  the  same  time  they  are  worthv  of  con¬ 
sideration.  In  spite  of  the  great  advance  in  the  design  of  canals, 
certain  repairs  have  to  be  made  in  the  navigation  season.  On 
the  St.  Mary’s  Canal  in  a  total  of  2007  days  there  was  a  loss 
of  46  days  due  to  this  cause.  The  operation  of  the  locks  is  always 
attended  with  certain  delays  from  accidents  which  with  the 
greatest  of  care  are  not  entirely  avoidable.  In  1909,  the  St. 
Mary’s  Fall  Canal  lost  eight  days  from  this  cause  and  on  the 
Canadian  side  twelve  days.  All  these  features  are  worthy  of 
consideration.  Their  total  will  reduce  the  actual  navigation  sea¬ 
son  considerably  below  240  days.  They  show  the  difticultv  the 
canal  will  have  in  competing  with  the  railroads. 

Now  as  to  the  capacity  of  the  canal:  Mr.  Stickney  has 
taken  the  experience  of  St.  Mary’s  Fall  Canal  as  a  guide.  How¬ 
ever,  in  the  Lake  Erie  and  Ohio  River  Canal,  I  believe  we  have 
a  somewhat  different  condition.  We  have  some  twenty  locks  in 
a  distance  of  about  100  miles.  Personally,  I  believe  it  will  be 
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impossible  as  an  operating  condition  to  have  all  these  locks  work¬ 
ing  at  the  same  time  at  full  capacity.  Mr-  Stickney’s  estimate 
of  the  number  of  lockages  possible  should  be  reduced  at  least 
one-quarter. 

Another  matter  to  be  considered  is  the  business  available 
for  the  canal  and  the  effect  on  the  average  cost.  In  1911,  the 
ore  shipments  between  the  Lake  and  the  Pittsburgh  District 
were  twice  the  amount  of  coal  shipped  towards  the  Lake.  In 
fact,  statistics  show  that  from  60  to  80  percent  of  the  coal  on  the 
Monongahela  River  is  used  locally.  This  leaves  a  rather  small 
percentage  for  the  canal.  This  local  use  of  the  coal  is  borne  out 
by  the  large  amount  of  coal  lands  acquired  by  the  different  steel 
companies,  as  the  Lackawanna  Steel  Company,  Crucible  Steel 
Company,  etc.  In  1907,  a  monograph  was  published  on  the  coal 
fields  of  Southwestern  Pennsylvania.  In  this,  comment  was 
made  on  the  rapid  disappearance  of  available  coal.  It  was  pre¬ 
dicted  that  coal  not  used  for  coke  would  reach  its  maximum 
production  in  1920.  It  was  stated  that  one-half  of  the  mines 
on  the  Pittsburgh  and  Connellsville  seams  would  be  obsolete 
by  1917.  In  a  great  many  of  the  mines,  coal  is  hauled  today 
almost  prohibitive  distances  underground. 

In  1909,  ore  shipments  into  the  Mahoning,  Shenango,  Pitts¬ 
burgh  and  Upper  Ohio  River  Districts  aggregated  22  400  000 
gross  tons.  Of  this  amount  12  000  000  came  to  the  Pittsburgh 
district  and  7  000  000  tons  of  it  was  hauled  by  the  Bessemer  & 
Lake  Erie  Railroad,  whose  cost  rate  is  very  low,  and  with  which 
admittedly  the  canal  will  not  be  able  to  compete.  It  is  evident 
that  the  barges  will  not  travel  full  both  ways.  This  will  have 
the  effect  of  raising  the  average  cost  of  transportation  on  the 
canal.  In  addition,  it  is  worth  considering  that  a  great  many 
of  the  ore  shipments  will  come  only  half  way  to  Pittsburgh  from 
the  Lakes.  Having  come  that  far,  they  will  unload,  turn  around, 
and  return  for  another  load  of  ore  at  the  Lake  rather  than  come 
to  Pittsburgh  for  a  load  of  coal  whose  existence  may  be  proble¬ 
matical.  This  will  tend  to  raise  the  average  cost  of  transpor¬ 
tation  and  should  be  given  due  consideration- 

Mr.  Stickney  gives  certain  average  costs  for  barge  move¬ 
ments  which  apparently  do  not  include  interest  on  investment, 
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depreciation,  and  possibly  overhead  expense  of  management. 
These  should  be  included. 

Mr.  Stickney  uses  certain  costs  on  the  Black  Warrior  River 
as  a  partial  basis  for  working  up  the  transportation  charges  on 
the  Lake  Erie  and  Ohio  River  Canal.  This  is  somewhat  dan¬ 
gerous,  for  the  reason  that  the  Black  Warrior  River  involves 
a  round  trip  of  something  like  960  miles,  as  compared  with  a 
round  trip  of  about  200  miles  on  the  proposed  canal.  It  is 
apparent  that  the  losses  of  time  at  terminals,  delays  at  locks, 
etc.,  will  constitute  a  greater  percentage  on  this  canal  of  the 
actual  time  of  barge  movement  than  they  do  on  the  Black  War¬ 
rior.  Obviously,  this  will  result  in  a  higher  average  cost  of  trans¬ 
portation. 

Mr.  Stickney  has  made  studies  for  this  canal  lasting  at  least 
a  year,  and  it  may  seem  somewhat  presumptuous  for  me  to 
discuss  his  paper.  At  the  same  time,  these  are  points  worthy  of 
consideration  and  calling  for  the  best  kind  of  judgment. 

In  conclusion,  I  call  your  attention  to  the  attitude  of  Public 
Service  Commissions  and  decisions  made  by  them  in  the  last  few 
years.  In  a  number  of  States,  it  has  been  held  that  where  good 
service  is  rendered  competition  will  not  be  allowed.  Personally, 
I  believe  that  this  is  a  step  in  the  right  direction.  It  should 
hold  irrespective  of  whether  the  competition  comes  frojn  private 
or  public  sources,  whether  from  a  canal  or  a  public  utility.  In 
considering  the  expenditure  of  admittedly  over  $50  000  000  for 
the  Lake  Erie  and  Ohio  River  Canal,  it  is  at  least  doubtful  as 
to  the  advisability  of  duplicating  equipment  which  already  ex¬ 
ists,  if  I  may  be  permitted  to  speak  of  a  canal  as  a  duplication 
of  a  railroad. 

Mr.  J.  P.  Leaf*  :  This  is  a  subject  I  have  long  been  inter¬ 
ested  in.  Every  discussion  that  I  hear  confirms  the  fact  that  the 
canal  is  advisable  and  should  be  built  by  the  people  who  live 
here,  and  at  this  time. 

Twenty-five  or  thirty  years  ago,  when  Col.  Roberts  started 
this  project,  at  the  mention  of  a  ship  canal,  or  any  kind  of  a 
canal,  from  Pittsburgh  to  the  Lakes,  people  would  look  at  one 
as  if  he  had  a  vision,  but  now  the  canal  is  discussed  as  a  feasible 
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proposition,  and  people  want  to  vote  on  a  bond  issue,  or  want 
the  National  Government  to  build  it. 

The  criticism  used  to  be  made  that  there  was  not  sufficient 
water  available,  but  I  heard  a  paper  read  recently  which  stated 
that  there  was  possibility  for  impounding  almost  enough  water 
in  the  Pymatuning  Swamp  to  operate  this  canal.  I  did  not  take 
exceptions  to  what  was  said,  but  it  was  much  more  favorable 
than  any  previous  statements.  As  I  had  gone  over  the  canal  with 
the  Chamber  of  Commerce  Survey  I  had  no  doubt  of  the  water 
supply  myself,  and  it  was  very  gratifying  to  me  to  have  approval 
from  other  sources. 

The  author  this  evening  spoke  of  the  dam  at  Youngstown 
as  designed  for  the  purpose  of  supplying  the  city  with  water, 
I  understand  they  have  spent  many  millions  of  dollars  for  the 
purpose  of  getting  eough  water  to  run  their  mills.  That  amount 
of  money  invested  as  their  share  in  a  canal  should  have  given 
them  more  water,  much  better  water,  and  navigation  besides. 

The  history  of  all  navigation,  as  regards  its  effects  on  rail¬ 
roads,  is  that  it  makes  the  railroads.  From  Pittsburgh  to  Roch¬ 
ester  the  Pittsburgh  &  Lake  Erie  Railroad  has  four  tracks  and 
the  Pennsylvania  Lines  has  four  or  five  tracks.  Beyond  Beaver 
Falls  two  tracks  are  sufficient  for  the  Pennsylvania,  and  until 
the  World’s  Fair  in  Chicago  one  track  was  sufficient.  This  shows 
that  railroads  improve  by  being  near  navigable  rivers.  Large 
railroads  are  always  near  navigable  waters. 

When  I  was  attending  school  in  New  York  the  railroad 
companies  and  politicians  decided  that  the  Erie  Canal  should 
be  abandoned,  and  until  about  1890  one  could  not  get  across 
the  Erie  Canal  with  a  skiff,  it  was  all  grown  up  with  weeds. 
It  was  found,  however,  that  the  business  was  leaving  the  towns 
along  the  canal  and  going  to  the  lake  fronts,  the  ocean  ports 
and  the  Ohio  River.  Then  they  built  a  free  canal  tnar  is  a  real 
canal,  expending  one  hundred  and  one  millions  of  dollars,  and 
they  will  have  much  business  along  that  canal  and  the  railroads 
will  profit  by  it  and  so  will  the  people. 

The  canal  under  discussion  tonight  will  be  built-  The  only 
thing  is  if  we  want  it  we  will  have  to  build  it  ourselves.  I  think 
the  State  and  the  National  Government  should  help.  The  only 
advantage  about  these  bonds  is  that  the  canal  will  be  built  about 
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fifteen  or  twenty  years  sooner  than  if  we  wait  fur  the  Govern¬ 
ment  to  build  it. 

Here  is  a  proposition  for  which  the  business  is  already  at 
hand  to  supply  it.  In  1895  it  was  said  that  we  need  not  bother 
about  a  canal  if  a  single  track  railroad  were  built  from  the  Lakes 
to  relieve  Pittsburgh.  There  have  been  nine  or  ten  single  tracks 
built  from  the  Lakes  to  Pittsburgh  since  1895,  and  when  busi¬ 
ness  revives  we  will  find  that  they  will  not  take  care  of  the  busi¬ 
ness  any  better  than  in  1895.  The  business  has  grown  faster 
than  the  railroads. 

This  canal  can  be  built  from  the  Lakes  to  Pittsburgh  for 
the  cost  of  a  single  track  railroad  and  terminals,  that  will  do 
the  work  of  fifteen  railroads.  The  business  is  on  its  banks  and 
additional  business  will  be  developed. 

In  regard  to  traffic,  the  railroads  would  probably  lose  some 
of  their  heavy  traffic,  but  they  would  get  all  the  passenger  busi¬ 
ness  and  three-fourths  of  the  distribution  business.  The  Pitts¬ 
burgh  &  Lake  Erie  Railroad  had  to  make  a  great  many  im¬ 
provements  to  take  care  of  the  Jones  &  Laughlin  Company’s 
business  at  Aliquippa,  and  the  Pennsylvania  Company  gets  a 
heavy  tonnage  from  the  Ambridge  and  Midland  improvements. 
Fifteen  years  ago  there  were  few  if  any  steel  barges  built,  but 
today,  the  river  front  of  the  American  Bridge  Company’s  plant 
at  Ambridge  looks  like  a  shipyard.  These  things  develop. 

Hon.  William  A.  Magee*  :  I  like  the  skeptical  tone  of 
Mr.  Dexter’s  address,  because  it  provokes  discussion.  There  are 
a  few  things  that  Mr.  Dexter  said  that  I  would  like  to  make  some 
comment  upon- 

Mr.  Dexter  says  that  the  business  of  the  canal  would  be 
limited  to  the  banks  of  the  canal  itself.  If  he  means  bv  that  the 
canal  plus  the  tributary  rivers,  plus  the  shores  of  Lake  Erie  and 
all  the  connecting  waterways,  then  the  statement  is  a  correct 
one.  But  I  fear  he  doesn’t  mean  that,  because  in  his  calculation 
of  the  tonnage  of  ore  that  would  probably  come  through  this 
canal  he  says,  first,  that  22  400  000  long  tons  of  ore  are  sent 
annually  into  the  three  districts  of  Youngstown,  Pittsburgh  and 
Steubenville  and  Wheeling;  lie  deducts  from  the  1?  000  000  that 

♦President,  The  Lake  Erie  and  Ohio  River  Canal  Board.  Farmers' 
Bank  Building-,  Pittsburgh. 
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come  to  the  Pittsburgh  District  alone  and  7  000  000  that  use  the 
Bessemer  road,  allowing  the  canal  only  5  000  000  tons  out  of  the 
22  000  000.  Well,  now,  you  see  he  ought  to  calculate  the  Wheel¬ 
ing,  Steubenville  and  Youngstown  tonnage  as  properly  belonging 
to  the  canal. 

The  real  ore  traffic  for  which  the  canal  will  go  into  com¬ 
petition  for  is  the  15  000  000  long  tons  that  remain  after  the 
7  000  000  Bessemer  tons  are  deducted ;  not  the  5  000  000  Mr. 
Dexter  uses. 

Again,  the  amount  of  coal  shipped  to  Lake  ports  is  more 
than  22  000  000  tons.  I  presume  if  we  translate  that  into  short 
tons  it  would  be  about  the  same  as  the  ore  movement  as  pub¬ 
lished.  It  is,  I  think,  between  25  000  000  and  28  000  000  tons 
of  coal. 

Now,  Mr.  Dexter  is  literally  correct  again,  1  presume,  when 
he  says  that  half  of  this  is  out  of  the  Pittsburgh  District,  but 
the  balance,  the  other  half,  comes  out  of  competitive  districts, 
West  Virginia  and  Ohio. 

Now,  it  is  the  opinion  of  the  very  best  authorities  in  the 
coal  business  in  Pittsburgh  that,  assuming  we  have  the  coal  to 
ship  to  Lake  Erie,  the  effect  of  the  Lake  Erie  Canal  would  be 
to  drive  out  of  the  Lake  business  practically  all  the  coal  that 
now  comes  from  those  competing  districts.  This  would  be  sub¬ 
stituted  with  Pittsburgh  coal,  assuming  that  we  have  the  coal. 
That  would  mean — just  taking  present  business — that  the  coal 
traffic  between  Pittsburgh  and  the  Lakes  would  double  and  most 
of  it  go  via  the  canal. 

Now,  have  we  the  coal  in  the  Pittsburgh  District?  It  is  the 
opinion  of  the  officers  of  the  Pittsburgh  Coal  Company  that  we 
have;  that  the  Pittsburgh  District  itself  could  furnish  enough 
coal  to  congest  the  canal.  One  of  the  officers  told  me  that  there 
would  be  room  for  no  more  traffic  except  Pittsburgh  coal  going 
towards  Lake  Erie  on  the  basis  of  a  40  000  000-ton  capacity. 

By  the  way,  I  think  that  was  a  very  cogent  remark  of  Mr. 
Dexter’s  to  the  effect  that  allowance  must  be  made  for  accidents 
in  operation,  and  therefore  Mr.  Stickney  ought  to  make  further 
reductions  on  the  probable  capacity  of  the  various  types  of  canal 
that  he  spoke  about  here  this  evening. 
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I  do  not  agree  with  Mr.  Dexter  that  the  estimates  of  the  cost 
of  the  Canal  are  far  too  low.  The  City  Engineers,  for  instance, 
have  made  very  good  estimates  during  the  last  ten  years,  and  I 
do  not  think  there  is  a  single  instance  where  these  estimates  made 
by  public  officers  have  been  far  surpassed  in  the  actual  outcome. 

Business  has  increased,  has  doubled  in  the  past  every  ten 
years  or  less.  It  was  only  a  few  million  tons  in  1SS*2,  and  we 
understand  now  that  the  coal  and  ore  alone  is  somewhere  about 
.■>0  000  000;  and  we  understand  that  the  total  traffic  of  all  kinds 
between  Lake  Erie  and  the  Pittsburgh  District  is  somewhere  in 
excess  of  60  000  000  tons.  The  railroads  in  this  district  were 
in  a  frightful  state  of  congestion  in  1907,  and  they  will  be  again 
some  day.  We  know  that  the  capacity  of  these  railroads  is  now 
limited  and  there  must  be  additional  facilities  created  and  they 
ought  to  be  created  now,  when  people  have  time  to  stop  and  to 
think  about  these  things,  which  they  won’t  when  these  com¬ 
munities  get  busy  again. 

We  must  have  new  railroads  or  this  canal.  It  now  takes  ten 
railroads  to  carry  60  000  000  tons  of  freight;  a  nine-foot  canal 
will  take  care  of  40  000  000 ;  a  twelve-foot  canal  60  000  000,  and 
a  15-foot  canal  90  000  000.  With  a  canal  of  such  capacity  in 
view  isn’t  it  better  to  encourage  it  rather  than  look  to  additional 
railroad  facilities? 

It  has  often  been  said  by  the  opponents  of  this  canal  that  it 
would  be  cheaper  to  build  another  railroad,  assuming  that  this 
other  railroad  would  have  the  capacity  of  the  canal,  which  is  an 
error  to  start  with.  And  it  has  been  said  to  me  that  a  railroad 
could  be  constructed  for  half  of  what  the  canal  would  be  built 
for,  and  it  has  been  facetiously  suggested  that  the  other  half 
ot  the  proposed  expenditure  for  the  canal  he  used  to  endow  the 
railroad  and  carry  the  cargoes  for  nothing. 

A  railroad  could  be  built  for  half  the  estimated  cost  of  the 
canal  if  by  a  railroad  you  mean  two  or  four  rails  laid  on  the 
ground  between  two  points.  But  we  have  that  kind  of  a  rail¬ 
road  running  into  Pittsburgh  already,  the  Wabash ;  and  it  is  a 
most  melancholy  example  of  foolish  investment  of  other  people’s 
money.  In  other  words,  a  railroad  is  not  a  railroad  unless  it  has 
terminal  facilities. 
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Now,  I  am  not  so  biased  in  favor  of  this  project  that  I  do 
not  want  to  hear  everybody’s  opinion,  and  I  don’t  think  that  our 
Board  could  expect  better  opinion  or  more  fruitful  suggestion 
anywhere  than  from  the  Engineers’  Society  of  Western  Pennsyl¬ 
vania.  Four  men  on  the  Board  never  had  any  connection  with 
the  canal ;  sometimes  I  am  not  sure  that  they  had  ever  heard  of 
it  before.  I  am  the  one  member  of  the  Board  who  might  be 
charged  with  prejudice,  with  being  biased  in  favor  of  this  project ; 
but  I  am  very  much  in  the  minority.  Regarding  myself,  I  claim 
that  I  also  am  open-minded  and  would  like  to  hear  every  sug¬ 
gestion,  and  I  was  therefore  very  much  gratified  this  evening  to 
hear  Mr-  Dexter’s  very  interesting  comments  upon  this  subject. 
The  more  criticism  I  hear  advanced  in  a  friendly  way,  the  better 
pleased  I  am  because  I  want  every  point  in  the  argument  tested 
rigorously  before  the  case  is  presented  to  the  public  for  their 
decision.  If  any  essential  element  of  the  project  is  weak;  if 
the  scheme  is  likely  to  prove  a  failure,  I  wish  to  avoid  the  con¬ 
sequent  discredit  that  connection  with  it  will  carry.  Besides  this 
engineering  study  that  Mr.  Stickney  has  told  you  about  tonight, 
we  have  had  the  leading  firm  of  marine  architects  on  Lake  Erie 
make  an  estimate  of  the  cost  of  carriage  of  all  kinds  of  freight. 
We  are  having  an  economic  study  made  by  a  recognized  expert ; 
we  are  having  a  study  made  of  terminal  questions  by  terminal 
engineers.  We  have  lawyers  who  are  preparing  constitutional 
legislation.  We  are  going  about  this  in  a  thorough  manner,  and 
we  want  all  the  light  that  we  can  get  upon  the  subject,  whether 
it  be  by  way  of  criticism  or  by  way  of  suggestion.  I  thank  you 
very  much. 

Mr.  Samuel  E.  Duff*  :  The  author  is  to  be  congratulated 
for  his  complete,  yet  brief,  sketch  of  the  history  of  canal  projects 
connecting  the  Great  Lakes  and  the  Ohio  River.  The  fact  that 
such  projects  have  been  studied  for  almost  a  century  indicates 
that  the  present  one  is  worthy  of  careful  consideration. 

It  is  obvious  that  great  changes  have  occurred  in  the  possible 
methods  of  transportation  of  freight  during  this  period,  but  it 
should  also  be  remembered  that  the  volume  of  freight  now  and 
in  the  future  passing  between  these  great  natural  channels  is  far 

♦Consulting-  Engineer,  Empire  Building,  Pittsburgh. 
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greater  than  any  one  contemplated  a  century  ago.  During  this 
period  commercial  forces  have  been  operating  along  lines  of  least 
resistance,  and  the  result  has  been  the  development  of  enormous 
industries  and  the  production  of  great  freight  tonnages.  It  is 
possible  and  even  probable  that  routes  of  traffic  may  be  greatly 
modified  or  entirely  changed  in  the  future,  but  it  is  hard  to  see 
how  anything  can  occur  within  the  next  hundred  years  which 
will  decrease  the  movement  of  commodity  and  package  freight 

between  the  region  of  the  Great  Lakes  and  the  Valiev  of  the 
Ohio. 

These  regions  are  now  thoroughly  connected  by  railroads, 
some  of  them  possibly  the  most  efficient  freight  carriers  in  the 
world,  and  additional  railroads  are  now  in  process  of  construc¬ 
tion,  or  contemplated,  most  of  them  designed  specifically  for  the 
carrying  of  large  tonnage  of  commodities  at  the  lowest  possible 
cost.  The  justification  for  the  construction  of  means  of  water 
transportation  over  the  same  route  depends,  therefore,  solely 
on  the  question  of  how  to  obtain  the  lowest  cost  of  transportation 
and  distribution  of  the  freight  traffic,  present  and  expected. 

In  a  broad  way  the  first  consideration  in  a  decision  as  to 
whether  an  attempt  shall  be  made  to  extend  the  traffic  of  the 
Great  Lakes  to  the  Ohio  River,  or  to  extend  the  traffic  of  the 
Ohio  River  to  the  Great  Lakes.  Mr.  Stickney  has  clearly  pointed 
out  the  impracticability  of  transporting  the  large  freight-carrying 
units  of  the  Great  Lakes  through  a  canal  to  the  Ohio  River.  *  He 
might  have  added  that  once  they  are  brought  to  the  Ohio  River 
some  other  form  of  water  transportation  of  freight  suitable  for 
the  limited  depth  of  the  river  and  its  tributaries  would  become 

necessary  unless  this  distribution  was  to  be  made  bv  means  of 
railroads. 

It  appears  most  reasonable,  then,  to  assume  that  the  traffic 
on  the  Great  Lakes,  carried  in  large  vessels  most  economically 
and  safely,  should  be  met  at  the  south  shore  of  the  Lakes  by 
transportation  units  able  to  navigate  the  Ohio  River  and  its  trib¬ 
utaries.  It  is  upon  this  basis  that  the  Lake  Erie  and  Ohio  River 

Canal  Commission  have  proceeded  in  their  investigation,  design 
and  estimate  for  a  canal. 

It  seems  to  me  that  this  basis  is  the  only  reasonable  one  to 
assume,  and  that  an  attempt  to  accommodate  some  of  the  carrv- 
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ing  units  now  in  use  on  the  Lakes  by  requiring  a  deeper  and 
wider  canal  and  higher  overhead  clearance  than  has  been  assumed 
by  the  Commission  is  unjustified;  particularly  on  account  of  the 
increased  cost  of  construction  involved,  and  the  extra  length  of 
time  during  which  the  lake-carrying  units  would  be  removed 
from  their  natural  and  most  economical  function  of  transpor¬ 
tation  on  deep  water. 

The  author  of  the  paper  has  clearly  reviewed  the  complete 
and  comprehensive  survey  carried  on  by  the  Commission  to  de¬ 
termine  the  feasability  of  the  canal  from  the  point  of  view  of 
construction  and  operation.  He  clearly  demonstrates  by  ex¬ 
haustive  hydraulic  data  that  it  is  perfectly  feasible  to  construct 
a  useful  water  route  between  the  terminals  assumed,  and  that 
the  water  required  for  its  operation  to  maximum  capacity  is 
easily  obtained. 

Discussion  of  the  details  of  construction  adopted  by  the 
Commission  in  this  their  preliminary  plan  and  estimate  is  scarcely 
necessary.  The  designs  of  the  canal  prism,  the  locks,  dams, 
bridges  and  other  details  follow  generally  those  used  on  the  New 
York  State  Barge  Canal.  Many  of  these  designs  have  received 
thorough  trials.  The  defects  which  have  appeared  will  no  doubt 
be  corrected  in  the  working  out  of  the  final  details  of  the  new 
canal. 

The  high  technical  ability  and  great  experience  of  Mr. 
Stickney  and  his  engineering  associates,  and  the  careful  and 
complete  investigation  they  have  evidently  made  of  all  phases 
of  the  Canal  question,  suggest  the  inadvisability  of  criticism  of 
details  by  anyone  not  in  possession  of  all  the  facts.  I  am  in¬ 
clined,  however,  to  ask  if  it  would  not  be  wise  to  regulate  by  some 
legel  means  the  construction  of  new  bridges  over  the  canal  in 
such  a  way  as  to  obtain  at  some  future  time  a  greater  overhead 
clearance  than  16  feet.  No  doubt  the  decision  that  a  16-foot 
clearance  is  the  proper  and  economical  one  is  justified  by  all  the 
facts  as  at  present  demonstrated,  but  it  occurs  to  me  that  it  might 
be  feasible  to  construct  all  new  work  at  a  greater  clearance  and 
to  require  all  present  structures  to  be  raised  when  reconstructed 
(as  they  probably  all  will  be  within  the  next  quarter  of  a  century) 
to  a  clearance  probably  10  feet  greater.  Experience  in  the  future 
may  lead  to  a  reduction  of  the  height  at  present  considered  nec- 
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essary  for  craft  navigating  inland  waters,  lmt  it  occurs  to  me 
that  in  view  of  the  tendency  of  the  requirements  of  the  Govern¬ 
ment  regulations  for  the  clearance  of  navigable  rivers  that  some 
provision  should  be  made  for  obtaining  a  greater  clearance  than 
16  feet  at  some  time  in  the  future  at  the  smallest  cost.  Such 
a  regulation  in  regard  to  new  construction  would  undoubtedlv 


operate  to  reduce  the  cost  of  increasing  the  clearance  on  the 

entire  canal  should  it  be  found  in  the  future  to  be  advisable  to 
do  so. 

It  is  realized,  of  course,  that  the  details  of  highway  bridges 
shown  by  Mr.  Stickney  are  merely  typical  and  undoubtedly  will 
be  modified  to  a  considerable  degree  in  actual  construction.  It 
occurs  to  me,  however,  to  suggest  that  the  capacity  of  all  bridges 
should  be  considerably  greater  than  that  indicated  by  Mr.  Stick¬ 
ney,  not  only  in  carrying  capacity  per  square  foot  of  floor,  but  in 
width  of  roadway.  I  make  this  suggestion  in  view  of  the  increas¬ 
ing  tendency  toward  heavier  units  of  motor  driven  vehicles  and 
greater  dimensions  for  them  which  experience  shows  to  be  eco¬ 
nomically  advisable.  For  the  same  reasons  the  bridges  should 
be  so  designed  as  to  resist  the  shocks  of  heavy  units  moving  at 
high  speed,  a  condition  which  will  be  constantly  aggravated  by 
the  construction  of  first-class  roads  through  what  are  now  con¬ 
sidered  remote  country  districts. 

1  am,  of  course,  aware  that  the  designs  of  barges  presented 
by  Mr.  Stickney  are  typical  and  intended  to  illustrate  general 
principles  only.  I  am  inclined  to  suggest  in  this  connection  the 
use  of  a  wooden  lining,  especially  for  barges  intended  to  carry 
only  coal  and  ore,  instead  of  steel  plate  lining  as  indicated,  par¬ 
ticularly  on  account  of  the  great  wear  on  this  lining  and  the 
necessity  of  frequent  renewal. 


The  statements  made  by  Mr.  Stickney  as  to  the  cost  of  trans¬ 
porting  freight  over  this  canal  are  no  doubt  correct  .as  far  as 
they  go,  being  based  on  careful  consideration  of  results  now 
obtained  by  transportation  methods  similar  to  those  which  it 
is  reasonable  to  assume  will  be  used.  It  is  to  be  regretted,  how¬ 
ever,  that  he  has  not  included  figures  covering  the  cost  of  trans¬ 
ferring  freight  from  the  Lake  carriers  to  the  canal  boats  as  well 
as  data  covering  the  cost  of  unloading  the  canal  boats  compared 
with  the  cost  of  unloading  railway  cars. 
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Very  few  will  question  the  conclusion  that  freight  can  be 
transported  from  the  southern  shore  of  Lake  Erie  to  the  Ohio 
River  by  means  of  a  canal  such  as  is  covered  by  the  present 
design  more  cheaply  than  in  railroad  cars.  It  is  not  so  obvious, 
however,  that  the  transportation  of  heavy  commodities  from  the 
upper  end  of  the  Great  Lakes  to  points  on  the  banks  of  the  Ohio 
River  and  its  tributaries  or  the  transportation  of  coal  from  the 
banks  of  the  Ohio  River  to  docks  at  the  upper  end  of  the  Great 
Lakes  can  be  carried  out  much  cheaper  than  with  the  present 
method  combining  railroad  transit  at  the  southern  end  of  the 
route  with  carriage  in  large  vessels  on  the  lakes.  The  cost  of 
transferring  this  bulk  freight  from  lake  vessels  to  railroad  cars 
and  vice  versa  has  been  greatly  reduced  by  the  construction  of 
costly  terminal  and  transfer  facilities  on  the  southern  shores  of 
the  lakes.  Throughout  the  Ohio  valley  facilities  are  provided 
for  loading  railroad  cars  with  coal  and  other  commodities  and 
for  unloading  railroad  cars  loaded  with  ore,  which  are  very  eco¬ 
nomical.  The  facility  with  which  ore  can  be  transported  and 
unloaded  at  points  distant  from  the  rivers  and  the  canal,  as  well 
as  coal  and  other  commodities  loaded  on  railroad  cars  at  such 
points,  immediately  challenges  the  production  of  reliable  data 
covering  similar  operations  required  if  the  proposed  canal  is 
used  for  bringing  ore  into  the  river  valleys  and  taking  coal  and 
heavy  freight  out  of  them. 

No  doubt  it  can  be  shown  that  the  cost  of  transferring  ore 
and  coal  between  canal  boats  and  lake  carriers  added  to  the  cost 
of  unloading  canal  boats  could  not  possibly  increase  the  cost  of 
water  transportation  so  much  as  to  destroy  the  admitted  economy 
of  such  a  method  of  handling  these  commodities  in  the  large 
area  directly  reached  by  the  Ohio  River  and  its  navigable  tribu¬ 
taries  as  well  as  by  the  canal  itself.  In  other  words,  I  believe  the 
cost  of  constructing  the  canal  to  be  an  expense  which  could  be 
profitably  borne  by  communities  affected  in  view  of  the  expan¬ 
sion  of  business  certain  to  ensue.  I  think,  however,  that  the 
Canal  Commission  should  make  such  data  public  as  something 
necessary  to  complete  the  admirable  presentation  of  this  project 
made  by  Mr.  Stickney  in  the  paper  of  the  evening. 
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Mr.  George  M.  Lehman:*  The  writer  very  much  regrets 
that  he  was  not  able  to  he  present  when  Mr.  Sticknev,  Consulting 
Engineer  in  Charge,  read  his  paper  on  the  Lake  Erie  and  Ohio 
R.ver  Canal — the  project  now  creating  so  much  interest  and  which 
is  so  important  to  the  welfare  of  present  and  future  generations, 
to  people  not  only  of  the  Canal  Zone  and  connecting  waterways, 
but  of  the  country  at  large. 

It  is  desired  to  call  attention  to  the  fact  that  the  paper  and 
exhibits  indicate  only  in  part  the  thoroughness  with  which  the 
surveys,  estimates  and  plans  are  being  accomplished. 

The  Canal  Board  has  only  one  idea  in  mind  and  that  is  the 
ascertaining  of  facts  in  every  important  particular,  notwithstand- 
ing  the  short  time  available  and  that  the  work  is  of  great  propor¬ 
tions,  requiring  an  immense  amount  of  labor  and  care,  covering 
many  phases  of  various  plans  and  investigations,  the  latter  in¬ 
cluding  economic  and  other  features. 

The  writer  at  this  time  does  not  propose  to  discuss  the  paper 
in  its  entirety,  but  as  he  has  in  large  part  conducted  the  field  work 
for  the  present  project  and  was  so  much  connected  with  the  earlier 
projects,  both  in  field  and  office,  he  feels  like  enlarging  somewhat 
upon  the  author’s  statement  regarding  reservoir  storage  possi¬ 
bilities.  The  paper  states  that  should  more  water  supply  be  neces¬ 
sary  an  additional  amount  is  available,  together  with  storage.  In 
this  connection  it  may  be  noted  that  at  least  ten  billion  additional 
cubic  feet  of  storage  may  readily  be  secured  with  very  consid¬ 
erable  drainage  area  of  effective  stream  flow.  An  interesting 
feature  is  that  the  present  proposed  feeder  system,  much  the  same 
as  that  considered  for  the  previous  project,  would  serve  the  addi¬ 
tional  drainage  area  and  to  some  extent  only  have  to  receive  an 
increase  of  cross-section. 

In  referring  to  the  Board  engineers,  of  the  1895  project,  the 
paper  states  that  the  surveys  and  estimates  were  made  under  the 
direction  of  that  Board.  It  is  of  small  moment,  but  as  it  is  known 
and  recorded  otherwise  it  may  be  well  to  correct  the  statement. 
The  Board,  composed  of  three  eminent  men,  arrived  upon  the 
ground  after  completion  of  the  surveys  and  of  a  considerable  part 

•Chief  Engineer,  Lake  Erie  &  Ohio  River  Canal,  Farmers  Bank  Build¬ 
ing.  Pittsburgh. 
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of  the  estimates.  They  carefully  went  over  the  work  done,  in 
detail,  and  made  certain  recommendations. 

Concerning  the  remarks  of  Mr.  Dexter :  After  stating  that 
the  paper  does  not  make  mention  of  the  cost  of  the  canal  an  effort 
is  made  at  discussing  this  feature,  in  giving  an  idea  of  what  the 
present  project  may  cost,  based  upon  another  project,  in  Canada, 
said  to  cost  $1  000  000  per  mile.  The  Welland  Canal  does  not 
happen  to  be  a  good  one  for  comparison,  physically  or  otherwise, 
as  the  conditions  are  notably  different.  The  depth  is  nearly  the 
same  as  proposed  for  the  local  project,  but  the  length  is  only  27 
miles  with  26  locks,  overcoming  a  total  drop  of  327  feet.  About 
every  mile  there  is  a  lock,  while  on  the  local  project  there  is  one 
lock  for  every  four  miles.  The  Canadian  project  received  two  en¬ 
largements,  locks  and  prism,  and  for  about  half  the  distance  an 
entirely  new  channel  was  dug.  The  total  cost,  including  original 
canal,  enlargements  and  new  channel,  amounted  to  about  $965,000 
per  mile.  It  obviously  is  wrong  to  use  the  Welland  Canal  or  any 
other  canal  as  a  basis  of  cost.  Careful  analysis  of  some  part  of 
another  canal  might  be  used,  but  conditions  at  least  must  be 
known,  and  it  is  seldom  that  such  a  method  can  be  relied  upon, 
even  for  an  approximate  idea. 

The  Cornwall  Canal,  14  feet  deep,  11  miles  long,  with  6  locks, 
cost  about  $476  000,  which  includes  costs  of  one  enlargement. 

The  old  Delaware  and  Raritan  Canal  (New  Jersey),  9  feet 
deep,  44  miles  long,  with  14  locks,  cost  about  $110  000  per  mile, 
including  a  feeder  of  23  miles  length.  Two  later  estimates  for  a 
new  Delaware  and  Raritan  Canal,  12-foot  depth  canal,  were  re¬ 
spectively  about  500  000  and  640  000  dollars  per  mile.  The  writer 
was  connected  with  one  of  these  projects. 

Relative  to  costs  it  was  remarked,  as  being  interesting,  that 
the  cost  of  many  waterway  projects  has  exceeded  the  estimates, 
but  in  this  connection  it  would  seem  that  the  really  interesting  side 
to  the  engineer  is  when  it  may  be  stated  that  a  number  of  projects 
have  been  built  under  the  estimated  cost. 

The  writer  cannot  appreciate  how  the  idea  can  so  readily  be 
absorbed  that  this  canal — the  paper  of  the  evening  clearly  indi¬ 
cating  that  it  will  be  a  most  modern  waterway  line  of  transpor¬ 
tation — in  its  traffic  results  will  be  similar  to  the  Ohio  River, 
which,  by  the  way,  is  not  as  yet  completely  slackwatered  and  lacks 
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terminals  for  conduct  of  business  into  the  distant  country.  It 
goes  without  saying  that  any  waterway  project,  materially  reduc¬ 
ing  cost  of  transportation,  will  necessarily  very  favorably  affect 
the  country,  even  a  great  distance  away  from  the  immediate  line. 

In  continuing  with  other  things  that  might  take  place  it  is 
mentioned  that  some  such  thing  as  the  breaking  of  a  rudder  chain 
on  one  of  the  boats  might  occur  somewhere  and  therefore  inter¬ 
rupt  navigation.  Suppose  we  imagine  that  if  such  a  thing  did 
happen  that  modern  ingenuity  is  increasing  and  would  cope  with 
the  affair  in  satisfactory  manner.  Some  accidents  will  happen,  of 
course,  but  not  of  such  magnitude  as  to  form  any  part  of  a  de¬ 
terring  factor.  Even  railroads  have  their  troubles,  naturally,  and 
it  is  needless  to  point  out  that  the  occurrences,  however,  are  con¬ 
stantly  decreasing  and  will  in  no  way  interfere  with  their  being 
built  or  used. 


\\  ith  reference  to  traffic,  it  is  expected,  when  considering  the 
conditions  obtaining  around  the  lakes  on  the  connecting  water¬ 
ways,  through  the  heavy  tonnage  producing  canal  zone  and  along 
the  Ohio  River  region,  that  boats  moving  in  either  direction  will 
have  cargo.  Further,  it  is  the  writer’s  opinion  that  notwithstand¬ 
ing  the  fact  that  the  lakes  are  navigated  only  about  eight  months 
of  the  year,  that  on  at  least  a  part  of  the  canalized  portion  of  the 
canal  in  question,  navigation  will  continue  through  nearly  the 
whole  year. 

Among  other  things  Mr.  Roberts  discusses  bridge  clearance 
and  the  writer  agrees  that  it  would  be  well  if  possible  to  have  this 
increased,  not  as  thought  of  some  years  ago,  but,  say,  20  feet.  The 
statement  about  the  impracticability  of  certain  barge  tows  being 
taken  through  a  canal,  especially  one  having  a  north  and  south 
direction,  on  account  of  the  winds,  whether  abreast  or  in  single 
file,  is  believed  to  be  without  foundation.  Upon  an  eastern  canal, 
close  to  the  coast  and  bordered  with  low  land,  subject  to  the  sweep 
of  high  winds,  five  barges  have  been  towed  by  a  tug,  in  single 
file.  Knowing  the  physical  conditions,  in  detail,  between  Pitts¬ 
burgh  and  Lake  Erie,  it  is  believed  that  the  same  thing  could  be 
done,  if  desired,  in  that  region. 
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Mr.  G.  F.  Stickney*  :  The  overhead  clearance  at  bridges 
is  a  matter  that  was  given  careful  consideration  and  it  was  de¬ 
sired  to  avoid  limiting  the  height  of  boats  as  much  as  possible. 
The  height  adopted  of  16  feet  above  the  maximum  navigable  stage 
is  as  great  as  could  be  obtained  without  extensive  changes  in 
railroad  grades  and  this  requires  deeper  excavation  in  the  Beaver, 
Mahoning  and  Shenango  Rivers  than  would  otherwise  be  neces¬ 
sary.  This  clearance  is  one-half  foot  more  than  that  adopted 
on  the  New  York  Barge  Canal.  The  suggestion  made  by  Mr. 
Duff  that  new  bridges  be  placed  at  a  higher  elevation  with  pro¬ 
vision  for  a  greater  clearance  at  some  future  time  by  requiring 
railroads  to  raise  their  bridges  whenever  same  are  reconstructed, 
might  be  carried  into  effect  and  a  slight  improvement  effected, 
but,  with  the  great  number  of  tracks  crossing  the  line  of  the 
canal,  which  when  raised  would  necessitate  raising  main  lines 
and  yards  adjacent  to  the  bridges,  the  expense  would  be  pro¬ 
hibitive. 

This  height  of  16  feet  above  the  water  surface  is  not  mea¬ 
sured  from  the  low  water  or  pool  level,  but  is  the  height  above 
the  maximum  navigable  stage  of  water  such  as  a  summer  flood 
would  occasion.  This  height  is  determined  from  a  computed 
slope  and  is  higher  at  the  upper  end  of  the  pool  than  at  the  lower 
end.  It  may  be  necessary  to  modify  the  character  of  highway 
bridges  at  some  localities  so  as  to  give  a  greater  width  of  roadway 
and  to  provide  for  heavier  loading  than  the  standard  type  men¬ 
tioned,  in  view  of  the  increasing  loads  that  are  being  carried 
by  motor  trucks,  but  the  greater  number  of  new  bridges  to  be 
provided  will  be  in  the  rural  districts  and  the  type  of  bridge 
selected  seems  to  be  ample  for  such  traffic  as  may  be  expected 
in  the  immediate  future.-  The  use  of  draw-bridges  or  bascule 
bridges  at  manufacturing  plants,  where  a  crossing  over  the  canal 
is  necessary,  might  be  admissible  where  the  bridge  is  to  be  used 
but  occasionally,  but  such  bridges  are  not  desirable  for  important 
crossings  on  a  waterway  that  has  any  considerable  traffic,  on 
account  of  the  interruption  to  traffic,  both  land  and  water,  that 
they  occasion. 

While  the  size  of  the  proposed  canal  has  not,  as  yet,  been 
determined  it  is  believed  that  provision  should  be  made  for  an 
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ultimate  enlargement  to  a  depth  of  not  less  than  15  feet.  The 
present  navigable  depth  in  the  Ohio  River  is  9  feet,  which  is 
fixed  by  the  depth  of  water  over  the  miter  sills  of  the  present 
river  locks.  1  he  river  channel,  however,  has  a  depth  of  12  feet 
for  the  greater  part  of  the  way  from  Pittsburgh  to  the  mouth 
of  the  Beaver  River  and  a  navigable  depth  of  12  feet  can  be 
secured  at  a  cost  of  not  to  exceed  $2  000  000  by  constructing 
an  additional  lock  at  each  dam,  together  with  a  small  amount 
of  channel  dredging.  A  depth  of  15  feet  in  the  river  can  be 
secured  without  excessive  cost  and  there  is  no  reason  to  doubt 
that  the  General  Government  will  improve  the  river  to  conform 
to  whatever  depth  may  be  necessary. 

I  he  advantages  of  double  locks,  to  insure  against  inter¬ 
ruption  to  navigation  on  account  of  accidents,  are  manifest,  but 
the  cost  is  too  great  to  warrant  their  construction  until  such 
time  as  the  traffic  capacity  of  a  single  lock  is  reached-  The  locks 
would  be  located,  however,  so  that  a  duplicate  lock  could  be 
added  when  required. 

In  determining  the  cost  of  transportation  on  the  canal,  no 
inferences  were  drawn  from  the  experience  of  the  Alabama  and 
New  Orleans  Transportation  Company  on  the  Black  Warrior 
River,  but  these  figures  were  merely  stated  as  an  illustration  of 
what  has  been  accomplished.  The  costs  used  were  obtained  from 
the  following,  which  includes  allowances  for  all  detentions  of 
boats  in  loading  and  unloading. 

Table  No.  5. 

ESTIMATED  COST  OF  TRANSPORTATION  ON  THE  CANAL  BASED 

ON  A  SEASON  OF  EIGHT  MONTHS  PER  YEAR  FOR  CON¬ 
TINUOUS  OPERATIONS  WITH  FULL  CARGOES 
Bulk  Freight  Carriers. 


Size  of  Boat . 

34  0  ft.  x  54 

340  ft.  x  54 

340  ft.  x  54 

Capacity  . 

ft.  x  9  ft. 

ft.  x  12  ft. 

ft.  x  15  ft. 

2775  tons 

4400  tons 

5950  tons 

Value  . 

$90  000 

$93  500 

$97  000 

Fixed  Charges: 

Interest  at  6%  . 

$  5  4  00 

$  5  610 

$  5  820 

Depreciation  at  3%  . 

2  700 

2  805 

2  910 

Upkeep  at  3%  . 

2  700 

2  805 

2  910 

Insurance  at  5%  . 

4  500 

4  675 

4  850 

Operating  Expenses: 

Management  . 

$  901 

$  900 

$  900 

Crew,  including  subsistence 

6  ICO 

6  160 

6  160 

Fuel,  Oil,  etc . 

1  040 

1  S52 

2  04  8 

Profits  at  10%  . 

9  000 

9  350 

9  700 

Trips  of  150  miles  . 

$33  000 

$34  157 

$35  298 

118 

102 

91 

Freight  moved  . 

327  450* 

44S  800* 

541  450* 

Cost  per  ton . 

10c  , 

7.6c 

6.5c 

♦Tons. 
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Table  No.  6. 


ESTIMATED  COST  OF  TRANSPORTATION  ON  THE  CANAL  BASED 
ON  A  SEASON  OF  EIGHT  MONTHS  PER  YEAR  FOR  CON¬ 
TINUOUS  OPERATIONS  WITH  FULL  CARGOES 


Package  Freight  Carriers. 


Size  of  Boat . 

340  ft.  x  54 

340  ft.  x  54 

340  ft.  x  54 

ft.  x  9  ft. 

ft.  x  12  ft. 

ft.  x  15  ft. 

Capacity  . 

784  tons 

1112  tons 

1464  tons 

Value  . 

$106  500 

$111  500 

$115  000 

Fixed  Charges: 

Interest  at  6%  . 

$  6  390 

$  6  690 

$  6  900 

Depreciation  at  3%  . 

3  195 

3  345 

3  450 

Upkeep  at  3%  . 

3  195 

3  345 

3  450 

Insurance  at  5%  . 

5  325 

5  575 

5  750 

Operating  expenses: 

Management  . 

900 

900 

900 

Crew,  including  subsistence 

6  160 

6  160 

6  160 

Fuel,  Oils,  etc . 

1  640 

1  848 

2  048 

Profits  at  10%  . 

10  650 

11  150 

11  500 

$37  455 

$39  013 

$40  158 

Trips  of  150  miles  . 

111 

99 

90 

Freight  moved  . 

87  024* 

110  088* 

131  760* 

Cost  per  ton  . 

4.3c 

3.54c 

3.05c 

*Tons. 

Cost  of  loading  and  unloading  cargoes  with  modern  freight¬ 
handling  machinery  is  as  follows  : 


Iron  Ore . 4  to  5  cents  per  ton 

Coal . 4  to  5  cents  per  ton 


Package  freight  may  be  handled  by  stevedores  for  29  cents 
per  ton. 

The  type  of  barge  proposed  for  use  on  the  canal  while  not 
suitable  for  long  trips  on  the  lake  would  be  able  to  go  to  Cleve¬ 
land  without  risk  or  to  cross  over  to  Buffalo  during  fair  weather, 
and  thence  on  through  the  New  York  Barge  Canal  to  the  Hudson 
River  and  New  York  City.  This  would  be  possible,  as  there  are 
harbors  of  refuge  along  the  south  shore  of  Lake  Erie  every  12 
to  15  miles,  so  that  the  barge  would  never  be  more  than  an  hour’s 
run  from  a  place  of  safety  in  case  of  bad  weather. 

The  navigation  season  of  eight  months  corresponds  to  the 
open  season  on  the  lakes,  and  there  is  no  doubt  that  the  canal 
could  be  operated  for  this  length  of  time. 

The  records  of  the  Soo  Canal  show  that  the  first  and  last 
months  of  the  season  have  comparatively  light  traffic  and  are 
equivalent  to  one  month  during  the  mid-season. 
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i  lie  maximum  number  of  lockages  during  a  season  is  at  the 
rate  of  about  ->s  lockages  a  day  tor  the  mid-season  rate,  which 
is  not  thought  to  be  excessive. 

It  is  interesting  to  note  that  the  number  of  lockages  de¬ 
termined  by  the  Board  of  Engineers  on  Deep  Waterways  in  its 
report  for  a  canal  between  Duluth  and  Tidewater  published  in 
1 900  was  S  04is  for  a  navigation  season  of  234  days.  1  he  num¬ 
ber  of  locks  proposed  in  this  report  is  in  excess  of  the  number 
required  for  the  Lake  Erie  and  Ohio  River  Canal. 

1  here  undoubtedly  will  be  delays  to  navigation  on  the  canal, 
as  these  occur  on  every  artificial  waterway  in  spite  of  all  pre¬ 
cautions  that  may  be  taken,  but  it  is  believed  that  sufficient  al¬ 
lowance  has  been  made  for  such  interruptions. 

The  number  of  breaks  in  the  old  Erie  Canal  cited  by  Mr. 
Dexter  were  due  to  the  fact  that  this  Canal,  with  a  length  of 
over  300  miles,  was  largely  in  embankment. 

The  proposed  canal  will  have  but  a  comparatively  small  part 
of  its  length  in  embankment  where  breaks  will  be  possible,  the 
greater  part  being  in  the  natural  river  channels  or  in  excavations 
below'  the  natural  ground  surfaces- 

Manufacturing  plants  which  receive  and  which  make  large 
shipments  will  have  to  provide  their  own  facilities  for  handling 
freight,  but  it  is  thought  that  the  saving  in  freight  charges  on 
water  shipments  over  those  paid  for  railroad  transportation  will 
be  sufficient  to  warrant  the  expenses  that  will  be  involved  in 
changing  their  facilities. 

Xo  estimates  of  the  cost  of  the  canal  wrere  given,  for  the 
reason  that  these  have  not  as  yet  been  completed,  and  hence  this 
feature  of  the  project  cannot  be  discussed  at  this  time. 


LOCAL  SANDS  AND  GRAVEL 
AS  AGGREGATES  IN  CONCRETE. 

By  F.  M.  McCullough* 


This  paper  is  a  report  of  a  series  of  tests  made  in  the  Ma¬ 
terials  Laboratory  at  the  Carnegie  Institute  of  Technology  during 
the  past  six  months.  The  purpose  of  the  tests  was  twofold :  First, 
to  compare  the  strength  of  mortars  and  concretes  made  from  local 
sands  and  gravels ;  and,  secondly,  to  determine  the  effect  on  the 
strength  of  concrete  of  varying  the  relative  volumes  of  sand  and 
gravel,  the  volume  of  cement  and  the  sum  of  the  volume  of  sand 
and  gravel  remaining  the  same. 

Tests  which  were  made  on  four  sands,  three  gravels,  and  one 
limestone,  included  the  following : 

I.  Physical  Tests  on  Sands  and  Gravels 

1.  Weight  per  cubic  foot  measured  loose  as  delivered  and  when 

dried. 

2.  Percentage  of  voids. 

3.  Specific  gravity. 

4.  Mechanical  analysis. 

5.  Percentage  of  moisture. 

6.  Relation  of  volume  of  dry  material  to  volume  of  materials  as 

delivered. 

II.  Physical  Tests  on  Mortars. 

1.  Tensile  tests  on  standard  1  :  2  and  1  :  3  Ottawa  and  local  sand 

briquettes  at  7,  28  and  90  days. 

2.  Compression  tests  on  2-inch  cubes  of  Ottawa  and  local  sands,  pro¬ 

portions  1  :  2  and  1  :  3,  at  7,  28  and  90  days. 

3.  Density  tests  on  1  :  3  mortars  of  Ottawa  and  local  sands. 

III.  Physical  Tests  on  Concrete 

1.  Compression  tests  on  6  by  18-inch  cylinders,  proportions  1  :2  :4; 

at  28  and  90  days. 

2.  Compression  tests  on  6  by  18-inch  cylinders,  proportions 

1 :  1/2  :  Sy2  ;  1:1:5;  1:1  y2\  4^4  ;  1:2:4;  at  28  and  90  days. 

The  above  program  and  methods  of  conducting  the  tests  are 
quite  similar  to  those  used  by  the  United  States  Geological  Survey 
as  described  in  Bulletin  No.  329. 

Due  acknowledgment  is  made  to  the  Carnegie  Institute  of 
Technology  for  generously  providing  funds  for  carrying  on  the 

Presented  before  the  Structural  Section,  May  4,  and  published  in  the 
May,  1915,  Proceedings. 

♦Assistant  Professor  of  Materials,  Carnegie  Institute  of  Technology, 
Pittsburgh. 
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work ;  to  Professor  W.  E.  Mott  of  the  Department  of  Civil  Engi¬ 
neering  for  his  kind  co-operation  ;  to  A.  Bowland,  G.  M.  Paulson, 
J.  R.  Dolan,  students  in  the  School  of  Applied  Science,  and  to 
H.  F.  McK.  Payne,  mechanician,  for  valuable  assistance  in  pre¬ 
paring  apparatus  and  making  and  testing  specimens ;  and  to  the 
firms  which  furnished  the  materials. 

MATERIALS 

Cement :  The  cement  used  consisted  of  a  mixture  of  equal 
parts  of  Alpha,  Crescent,  Universal  and  Vulcanite  purchased  from 
local  dealers.  The  different  brands  were  spread  on  the  concrete 
floor  of  the  laboratory  and  were  mixed  thoroughly  with  a  shovel 
when  they  were  stored  in  air-tight  cans  until  used.  The  resulting 
sample  of  cement  was  tested  according  to  the  standard  methods 
prescribed  by  the  American  Society  of  Civil  Engineers  and  gave 
the  results  recorded  in  Table  No.  1. 

Aggregates :  Four  sands  were  studied,  two  from  the  Ohio 
River  and  two  from  the  Allegheny  River.  The  Ohio  sands  were 
designated  0  and  K,  the  Allegheny  sands  Ax  and  A2.  Three 
gravels  O,  K  and  Ax  and  a  Ligonier  limestone  L  were  investigated. 
Gravels  O  and  K  were  obtained  from  the  Ohio  River  and  Ax  from 
the  Allegheny  River.  The  sands  and  gravels  with  the  same  ref¬ 
erence  letter  were  obtained  from  the  same  firm  and  were  all  pur¬ 
chased  in  November,  1914,  with  the  exception  of  sand  A2  and  the 
limestone.  Sand  A2  was  obtained  in  March,  1915,  and  the  lime¬ 
stone  in  the  spring  of  1914.  Except  in  the  case  of  one  sand  and 
one  gravel  it  was  impracticable  to  obtain  the  exact  source  of  the 
materials  in  the  rivers.  The  physical  properties  of  the  aggregates 
are  shown  in  Tables  No.  2  and  No.  3  and  in  Figs.  1  and  2.  The 
method  of  determining  those  properties  will  now  be  described. 

PHYSICAL  TESTS  OF  SANDS  AND  GRAVELS 

Weight  per  Cubic  Foot :  The  apparatus  is  shown  in  Fig.  3. 
A  12-inch  pipe,  capped  at  one  end  and  about  25  in.  high,  is  placed 
on  a  scale  with  the  bottom  of  the  hopper  about  12  in.  above  the 
top  of  the  pipe.  The  hopper  was  filled  with  the  sand  or  gravel 
and  by  means  of  a  thin  plate  the  aperture  at  the  bottom  was  so 
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adjusted  that  the  materials  flowed  into  the  pipe  at  the  rate  of  one 
cubic  foot  per  minute.  The  pipe  was  filled  to  overflowing  and  the 
surface  then  struck  off  level.  The  determination  was  made  on 
the  material  as  delivered  and  also  after  drying  thoroughly.  The 
volume  of  the  pipe  was  obtained  by  filling  it  with  water  and 
weighing.  The  weight  of  material  contained  in  the  pipe  multiplied 
by  62.355  and  divided  by  the  volume  of  the  pipe  gives  the  weight 
per  cubic  foot  of  the  material. 

Percentage  of  Voids:  An  8-inch  pipe,  about  4  ft.  long  and 
capped  at  one  end,  was  partly  filled  with  water,  the  distance  of 
the  water  below  the  top  of  the  pipe  being  measured.  A  known 
weight  of  the  material,  usually  75  pounds,  was  slowly  introduced 
into  the  water  and  a  second  gauge  reading  was  taken  at  once. 
Knowing  the  diameter  of  the  pipe  the  volume  of  water  displaced 
was  obtained,  and  the  difference  between  this  volume  of  water 
and  the  volume  of  material  added  gives  the  actual  voids  in  the 
material.  The  percentage  of  voids  is  determined  by  multiplying 
the  actual  voids  in  the  material  by  100  and  dividing  by  the  volume 
of  material  added. 

Specific  Gravity :  This  was  computed  directly  from  the  data 
obtained  in  the  preceding  test  by  dividing  the  weight  of  material 
added  by  the  weight  of  water  displaced.  In  the  case  of  the  sands 
a  determination  was  also  made  with  the  Le  Chatelier  flask  follow¬ 
ing  the  method  used  in  cement  testing.  These  results  and  those 
computed  checked  within  one  percent. 


TABLE  No.  1 

PHYSICAL  PROPERTIES  OF  PORTLAND  CEMENT 


Time  of  Set 
(Min.) 

Fineness-percent 
Residue  on  sieve 

Tensile  Strength 

Specific 

Soundness 

No. 

Gravity 

Initial 

Final 

1 

100 

[  200 

Age 

Neat 

Mortar 

3.15 

155 

Air  O.K. 

3.9 

21.9 

24  hr. 

402 

Water  O.K. 

7  da. 

669 

226 

.... 

{ 

Steam  O.K. 

... 

... 

28  da. 

865 
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Fig.  3.  A.  Weight  per  Cubic  Foot  B.  Sudden  Failure  of  Concrete 

and  Void  Apparatus.  Cylinder. 

Mechanical  Analysis :  For  the  sand  tests  the  following 
sieves  were  used;  No.  4,  No.  6,  No.  10,  No.  16,  No.  20,  No.  30, 
No.  40,  No.  50,  No.  74,  No.  100.  The  diameter  of  these  sieves 
is  0.200 ;  0.122;  0.073;  0.042;  0.034;  0.022;  0.015;  0.011;  0.0078; 
0.0045  inches,  respectively.  A  sample  weighing  13  to  15  pounds 
was  placed  on  No.  4  sieve  and  sifted  by  hand.  After  the  residue 
was  weighed,  the  material  passing  was  placed  on  sieve  No.  6  and 
the  process  repeated.  Since  the  material  held  on  No.  4  sieve  varied 
from  zero  to  only  1/3  of  one  percent  it  was  not  included  in  the 
data.  In  order  to  facilitate  the  sieving,  about  M/2  pounds  of  ma¬ 
terial  passing  No.  20  was  used  on  No.  30  and  about  one  pound 
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of  material  passing  Xo.  40  was  used  on  No.  50.  Screens  having 
openings  of  the  following  diameters  in  inches  were  used  in  the 
gravel  and  stone  tests:  0.10;  0.153;  0.18;  0.84;  0.31 ;  0.43;  0.00 

.00 ,  1.50.  All  screening  was  done  by  hand,  200  lb.  samples  of 
material  being  used. 

Percentage  of  Moisture:  This  is  found  by  dividing  the  dif- 
erence  in  weight  of  a  sample  as  delivered  and  after  drying  by  the 
weight  of  the  dry  material  and  multiplying  by  100. 

Relation  of  Volume  of  Dry  Material  to  Volume  of  Material 

the  6  WCre .  '  1S  vaIue  was  necessary  owing  to  the  fact  that 
the  materials,  particularly  the  sand,  have  a  high  percentage  of 

moisture  when  delivered  and  this  moisture  decreases  the  actual 
solid  material  m  a  cubic  foot.  The  method  of  determining  this 
result  can  best  be  explained  by  the  following  examples : 

W  eight  of  O  sand  as  delivered  =  83.0  lbs.  per  cu.  ft. 

Weight  of  O  sand  after  drying  =  95.5  lbs.  per  cu.  ft. 

172.5  lbs.  of  O  sand  as  delivered  weighed  103.25  lbs.  after 
drying,  the  moisture  being  equal  to  9.25  lbs.  It  follows,  then,  that 

^2  f  ^  83  °r  2-075  cu-  ft.  of  O  sand  as  delivered  is  equal  to 
16o.2o  -4-  95.5  or  1.71  cu.  ft.  of  dried  sand,  and  one  cubic  foot  of 

dried  sand  is  equal  to  2.075  -=-  1.71  =  1.213  cu.  ft.  of  sand  as 

delivered. 


METHOD  OF  MAKING,  CURING  AND  TESTING  SPECIMENS 

Briquettes :  All  briquettes  were  mixed  and  molded  as  pre¬ 
scribed  by  the  American  Society  of  Civil  Engineers.  They  were 
stoied  in  the  moist  closet  for  36  hours,  when  they  were  placed  in 
water,  in  which  they  remained  until  tested. 

Committee  C-2  on  Concrete  and  Reinforced  Concrete  rec¬ 
ommends  that  “Fine  aggregates  should  be  of  such  quality  that 
mortar  of  one  part  Portland  cement  and  three  parts  of  fine  ag¬ 
gregate  by  weight  when  made  into  briquettes  will  show  a  tensile 
strength  at  least  equal  to  the  strength  of  1  :  3  mortar  of  the  same 
consistency  made  with  the  same  cement  and  standard  Ottawa 
sand.”  Preliminary  tests  of  briquettes  made  with  one  of  the  local 
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Fig.  4.  Tensile  Strength  of  Briquettes  of  Different  Mortars 
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sands  indicated  that  the  consistency  of  the  mortar  affected  the 
strength  appreciably.  Some  experimenters,  however,  use  the 
same  percentage  of  water  for  all  1  :  3  briquettes.  It  was  thought 
advisable  to  make  two  sets  of  1  :  3  briquettes  if  time  permitted  ; 
in  the  first  set  the  consistency  of  all  mortars  was  to  be  the  same 
and  in  the  second  set  the  percentage  of  water  to  be  equal  to  that 
used  in  the  Otttawa  sand  briquettes.  C  omplete  results  were  not 
obtained  for  the  first  set  because  of  insufficient  time. 

Mortars  made  from  the  local  sands  were  noticeably  drier  than 
the  Ottawa  sand  mortar  and  in  order  to  obtain  a  consistency  as 
wet  as  the  Ottawa  mortar  it  was  necessary  to  increase  the  amount 
of  water  from  40  to  60  percent,  this  amount  being  determined  by 
the  appearance  of  the  mortar  after  mixing.  All  l  :  2  briquettes 
were  made  with  the  same  percentage  of  water.  The  briquettes 
were  tested  in  a  Riehle  automatic  cement  machine  of  1000  lb. 
capacity,  the  load  being  applied  at  the  standard  rate  of  600  lb.  per 
min.  See  Table  Xo.  4  and  Fig.  4  for  strength  values  of  briquettes. 


TABLE  No.  4 


TENSILE  STRENGTH  OF  MORTARS 


Series  No. 

Sand 

Ratio  of 
Cement 
to  Sand 

Water 
(per  cent.) 

When  made 

Operator 

Tensile  Strength 

lbs.  per  sq.  in. 

Ratio  of  Strength 

to  Ottawa  Mortar 

7  days 

28  days 

90  days 

7  days  ,28  days  90  days 

1 

Ottawa 

1  :  3 

9.25 

Dec. 2 

P 

204 

I  3:.« 

328 

...  ...  ... 

201 

302 

344 

|  ... 

204 

332 

214 

287 

318 

... 

Average . 

206 

313 

330 

1.00  1.00  1.00 

1 

Ai 

1  :  3 

9.25 

Dec.  2 

P 

170 

2(H) 

220 

ISO 

193 

222 

170 

206 

210 

178 

190 

219 

Average . 

1 75 

197 

218 

0.85  0.63  0.66 

1 

O 

1  :  3 

9.25 

Dee.2 

P 

189 

235 

245 

L76 

208 

273 

170 

227 

255 

183 

177 

245 

Average . 

181 

•>i  •.» 

255 

0.88  0.68  0.77 

1 

K 

1  :  3 

9.25 

Dec. 2 

P 

165 

220 

280 

196 

228 

251 

176 

230 

259 

175 

235 

27:. 

...  i  ...  i  •  •  • 

Average . 

. 

178 

230 

269 

0.86  !  0.73  0.82 
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TENSILE  STRENGTH  OF  MORTARS 
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Cubes :  All  material  was  mixed  in  the  same  manner  as  for 
briquettes  and  was  placed  in  the  molds  in  J4- inch  layers,  being 
well  compacted  with  the  fingers.  Two  sets  of  cubes  were  made 
with  different  percentages  of  water  as  explained  under  briquettes. 
The  storage  in  the  moist  closet  and  in  water  was  the  same  as  for 
the  briquettes.  The  specimens  were  tested  in  a  30  000  lb.  Olsen 
machine  equipped  with  a  spherical  bearing.  Two  sheets  of  blot¬ 
ting  paper  were  used  on  each  of  the  crushing  surfaces,  which 
were  those  in  contact  with  the  mold.  Table  No.  5  and  Fig.  5  give 
the  strength  of  the  cubes  at  the  various  ages. 

Density  Tests :  A  mortar  composed  of  0.66  lb.  of  cement 
and  1.98  lb.  of  sand  was  mixed  with  sufficient  water  to  form  a 
consistency  similar  to  that  of  Ottawa  sand  mortar.  This  ma¬ 
terial  was  then  placed  in  a  cylinder  3 y2  inches  in  diameter  and  12 
inches  high  in  ^4-inch  layers  and  well  tamped.  Two  more  batches 
were  mixed  and  compacted  in  the  cylinder  in  the  same  manner. 
The  volume  of  the  mortar  in  the  cylinder  was  obtained  by  measur¬ 
ing  the  distance  from  the  top  of  the  cylinder  to  the  surface  of  the 
mortar.  The  density  of  the  mortar  was  computed  as  follows : 

3  X  0.66 

Absolute  volume  of  cement  = - X  1728  =  17.42  cu.  in. 

3.15  X  62.355 
3  X  1-98 

Absolute  volume  of  O  sand  == - X  1728  =  63.07  cu.  in. 

2.61  X  62.355 

Absolute  volume  of  O  sand  -f-  cement  =  17.42  -f-  63.07  =  80.49  cu.  in. 

Measured  volume  of  resulting  mortar  ==  120.5  cu.  in. 

80.49 

Density  of  O  sand  mortar  = - =  0.668. 

120.5 

The  results  of  the  density  determination  will  be  found  in  Fig. 
6.  All  sands  were  thoroughly  dried  before  being  made  into 
mortar,  the  weight  of  sand  used  being  its  dry  weight.  The  density 
apparatus  is  shown  in  Fig.  7. 

Concrete  Cylinders :  The  concrete  materials  were  propor¬ 
tioned  by  volume,  the  cement  being  measured  in  a  compacted  con¬ 
dition  and  the  sand  and  the  gravel  as  delivered  loose.  However, 
all  the  materials  for  each  mix  were  weighed  because  of  the  dif¬ 
ficulty  of  measuring  accurately  the  small  volumes  required.  On 
account  of  the  gradual  evaporation  of  the  water  from  the  sand 
and  gravel  and  the  resulting  variation  in  the  weight  per  cubic  foot, 


Tensile'  Strength  /n  /6s  per  sg  to.  Compressive  Strength  to  tbs  per  sg.  tn. 
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the  sand  and  gravel  were  thoroughly  dried  before  using.  A  sack 
of  cement  weighing  94  lb.  net  was  taken  equal  to  one  cubic  foot 

TABLE  No.  5 


COMPRESSIVE  STRENGTH  OF  MORTARS 


Series  No. 

Sand 

Ratio  of 
Cement 
to  Sand 

Water 
(per  cent.) 

When  made 

Operator 

Compressive  Strength 

tbs.  per  sq.  in. 

Ratio  of  Strength 

to  Ottawa  Mortar 

7  days 

28  days 

90  days 

7  days 

28  days 

90  days 

6 

Ottawa 

1  :  3 

9.25 

Jan.  7 

D 

1430 

2375 

2370 

1355 

2260 

2800 

1320 

2020 

3100 

1320 

•  .  • 

.  .  • 

... 

Average . 

1356 

2218 

2757 

1.00 

1.00 

1.00 

6 

Ai 

1  :  3 

9.25 

Jan.  7 

D 

1283 

1330 

1500 

998 

1450 

1600 

1213 

1190 

1685 

1070 

1350 

1840 

... 

... 

Average . 

1141 

'1330 

1656 

0.84 

0.60 

0.60 

6 

0 

1  :  3 

9.25 

Jan.  7 

D 

1620 

1520 

2350 

1360 

1770 

2360 

... 

... 

1500 

1450 

1930 

1455 

1520 

.  .  . 

... 

... 

... 

Average . 

1484 

1565 

2213 

1.09 

0.71 

0.80 

6 

K 

1  :  3 

9.25 

Jan.  7 

D 

1270 

1630 

1070 

1340 

2015 

1180 

1590 

1810 

... 

1500 

1390 

1825 

.  .  . 

.  .  . 

Average . 

1255 

1488 

1883 

0.93 

0.67 

0.68 

TABLE  No.  5 — Continued 


COMPRESSIVE  STRENGTH  OF  MORTARS 


Series  No. 

Sand 

o  o  S 

3  5  32 
zoS 

Water 
(per  cent.) 

$ 

S 

g 

£ 

Compressive  Strength 

lbs.  per  sq.  in 

Ratio  of  Strength 

to  Ottawa  Mortar 

7  days 

28  days 

83  days, 

7  days  | 

28  days 

83  days 

7 

Ottawa 

1  :  3 

9.25 

Jan. 20 

D 

1594 

2850 

3530 

1330 

2380 

3035 

... 

... 

1610 

2970 

3704 

... 

... 

... 

1310 

.  .  . 

.  .  . 

.  .  . 

.  .  . 

Average . 

1461 

2733 

3423 

1.00 

1.00 

1.00 

7 

Ai 

1  :  3 

9.25 

Jan. 20 

D 

1190 

1840 

1938 

1215 

1710 

1828 

... 

1115 

1760 

1960 

... 

... 

1210 

1480 

2208 

.  .  . 

.  .  . 

Average 

1183 

1698 

1984 

0.81 

0.62 

0.5S 

7 

0 

1  :  3 

9.25 

Jan.20 

D 

1390 

2440 

2575 

1550 

1960 

3082 

... 

... 

1640 

2560 

2605 

... 

... 

... 

1612 

1875 

2910 

.  .  . 

Average . 

1548 

2209 

2793 

1.06 

0.81 

0.82 

7 

K 

1  :  3 

9.25 

Jan. 20 

D 

1394 

2100 

2782 

1456 

2025 

2795 

... 

1450 

1750 

2845 

... 

1350 

1850 

2725 

..  .  . 

Average . 

1413 

1931 

2787 

0.97 

0.71 

0.81 
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TABLE  No.  5 — Continted 
COMPRESSIVE  STRENGTH  OF  MORTARS 


TABLE  No.  5 — Continted 
COMPRESSIVE  STRENGTH  OF  MORTARS 
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GC 

.2 
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© 

m 

'o~~z 
o#a 
zf. 
a  c  _ 

xOB 

~  r 

£  t 

© 

U 

Compressive  St  rengt  h 

lbs.  per  sq.  in. 

Ratio  of  Strength 

to  Ottawa  Mortar 

,  7  days  28  days 

90  days 

1 

7  days 

2.8  days  ,90  day 

10 

Ottawa 

1  :  2 

|  10.5 

Jan. 14 

D 

2700  4890 

2760  5250 

6120 

3090  4875 

5780 

Average . 

'• 

2850  5C04 

5950 

1.00 

1.00  ;  1.00 

10 

A  i 

1  :  2 

10.5 

Jan. 14 

D 

1850  2600 

3260 

1450  2500 

3027 

1487  2975 

2985 

1430  2925 

2900 

Average. 

1554  2750 

1 

3043 

0.55 

0.55  j  0.51 

10 

0 

1  :  2 

10.5 

Jan. 14 

D 

2560  3425 

4460 

2330  |  3275 

5140 

2670  3200 

5320 

2480  3428 

4400 

Average . 

2510  3332 

4830 

0.88 

0.67  |  0.S1 

10 

K 

1  :  2 

10.5 

Jan. 14 

D 

2290  |  3250 

4040 

2220  3600 

3940 

2120  1  3375 

3730 

2090  3000 

4720 

Average . 

2180  3306 

4108 

0.76 

0.66  0.69 

350  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 


■ 


«*r  • 

- 

■ySfito-  JU; 


Fig.  7.  Density  Apparatus 


m’CULLOUGH — LOCAL  SANDS  AND  GRAVELS 


351 


in  accordance  with  the  building  ordinance  adopted  December  1, 
1913,  by  the  City  of  Pittsburgh.  The  weight  per  cubic  foot  of 
the  sand  and  gravel  was  determined  as  previously  described  under 
heading  “Physical  Tests  of  Sands  and  Gravels.”  It  was  assumed 
that  1.2  cu.  ft.  of  sand  as  delivered  would  give  one  cu.  ft.  of  the 
same  sand  thoroughly  dried  and  that  1.05  cu.  ft.  of  gravel  as 
delivered  would  dry  to  one  cubic  foot.  (See  lables  Xo.  2  and 
No.  3). 

The  methods  of  computing  the  weights  of  cement,  sand  and 
gravel  for  three  6  in.  by  18  in.  cylinders,  proportions  1  :  2  :  4,  will 
now  be  explained : 

Dry  gravel  required  r=  0.75  cu.  ft.  (found  by  trial). 

0.75  X  105 

Dry  sand  required  =  -  =  0.328  cu.  ft. 

2  X  1-20 
0.75  X  1-05 

Dry  cement  required  = - =  0.197  cu.  ft. 

4 

The  corresponding  weights  of  cement,  sand  and  gravel  are 
obtained  by  multiplying  these  volumes  by  the  respective  weights 
per  cubic  foot.  The  cement  and  sand  were  first  thoroughly  mixed 
dry  with  scoops  in  a  shallow  pan.  The  gravel  was  spread  in  a 
layer  on  the  steel  mixing  platform  and  the  mortar  placed  evenly 
on  the  gravel.  The  materials  were  turned  five  times  with  shovels, 
when  a  crater  was  formed  in  the  center  of  the  pile  and  two-thirds 
of  the  water  was  added.  After  the  water  had  soaked  in,  the 
mixing  was  continued;  the  mass  was  turned  ten  times,  the  re¬ 
mainder  of  the  water  being  slowly  added  to  the  dry  spots.  1  he 
consistency  was  such  that  the  mass  flattened  out  quickly  when 
shoveled  into  a  pile  and  flowed  while  being  turned  the  last  few 
times.  The  weight  of  water  added  varied  from  10  to  11  percent 
of  the  total  weight  of  cement,  sand  and  gravel.  The  concrete  was 
deposited  in  3-inch  layers  in  the  cylinder  molds,  which  were  sup¬ 
ported  by  a  smooth  base,  and  was  well  puddled  with  a  steel  rod. 
The  surface  of  the  concrete  was  finished  about  one-quarter  inch 
below  the  top  of  the  cylinder  molds  and  after  two  or  three  days 
the  concrete  specimens  were  capped  with  a  rich  mortar  and  fin¬ 
ished  flush  with  the  top  of  the  molds.  This  cap  provided  a  smooth 
bearing  surface,  which  insured  proper  testing  conditions.  4  he 
specimens  while  in  the  mold  were  covered  with  burlap  and  oil¬ 
cloth  and  were  wet  down  twice  each  day.  The  molds  were  re- 
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moved  after  six  days  and  the  specimens  were  then  stored  in  sand 
which  was  sprinkled  about  twice  each  week.  These  precautions 
were  taken  to  prevent  the  drying  out  of  the  concrete,  for  previous 
experience  had  shown  that  the  curing  of  these  somewhat  slender 
specimens  in  the  laboratory  was  not  favorable  for  a  normal  in¬ 
crease  of  strength.  All  cylinders  were  broken  on  an  Olsen  ma¬ 
chine  provided  with  a  spherical  bearing,  two  sheets  of  blotting 
paper  being  used  on  the  top  and  bottom  of  the  specimens.  The 
results  of  the  concrete  tests  will  be  found  in  Tables  Xo.  6  and 
No.  7,  and  Figs.  8,  9  and  10.  Temperatures  of  the  air  and  water 
in  the  storage  tank  were  read  twice  each  day  from  December  12th 
to  April  24th,  and  the  values  shown  in  Table  No.  8  were  obtained. 
It  will  be  noted  that  the  average  temperatures  fall  considerably 
below  the  standard  of  70  deg.  Fahr.,  being  66.3  deg.  for  the  air 
an.i  63.9  deg.  for  the  water. 


TABLE  No.  6 

COMPRESSIVE  STRENGTH  OF  CONCRETE 
(28-day  and  90-day  Specimens  were  made  Dec.  12  and  Dec.  5  respectively) 


Series  No. 

Sand 

Gravel 
or  Stone 

Proportions 

Compressit 
(Lbs.  per 

28  days 

re  Strength 
sq. inch) 

90  days 

1 

Ai 

Ai  Gravel 

1:2:4 

1000 

2270 

1420 

2300 

1480 

2330 

Average . 

1480 

2300 

1 

0 

O  Gravel 

1:2:4 

1530 

2730 

1010 

2700 

1500 

2010 

Average . 

1570 

2680 

1 

K 

K  Gravel 

1:2:4 

1570 

2510 

1570 

2370 

1250 

2410 

Average . 

1400 

2430 

1 

Equal  parts  of 

L  Stone 

1:2:4 

1400 

2200 

Ai ,  0,  K. 

1410 

2230 

1475 

2180 

Average . 

1450 

2220 

354 


PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA. 


TABLE  No.  7 


COMPRESSIVE  STRENGTH  OF  CONCRETE 


(28-day  and  90-day  [Specimens  were  made  Jan.  30  and  Jan.  9  respectively) 


Series  No. 

Sand 

Gravel 

Proportions 

Compressn 
(Lbs.  per 

28  days 

re  Strength 
sq. inch) 

90  days 

2 

K 

K 

1:2:4 

1860 

2840 

1830 

2670 

1780 

2510 

Average . 

1820 

2670 

2 

K 

K 

1  :iy2 

1610 

2370 

1750 

2230 

1690 

2210 

Average . 

1680 

2270 

2 

K 

K 

1:1:5 

1310 

2090 

1280 

2210 

1380 

2100 

Average . 

1320 

2130 

2 

K 

K 

1  :  M 

1440 

2080 

1530 

1830 

1740 

2050 

Average . 

1570 

1990 

TABLE  No.  7 — Continued 
COMPRESSIVE  STRENGTH  OF  CONCRETE 


(28-day  and  90-day  Specimens  were  made  Feb.  6  and  Jan.  16,  respectively) 


SeriesINo. 

Sand 

Gravel 

Proportions 

Compressii 
(Lbs.  per 

28  days 

re  Strength 
sq. inch) 

90  days 

3 

Ai 

Ai 

1:2:4 

1360 

2440 

1550 

2470 

1330 

2460 

Average . 

1410 

2460 

3 

Ai 

Ai 

1  :  \A  '■ 

1260 

2180 

1390 

2290 

1520 

2300 

Average . 

1390 

2260 

3 

Ai 

Ai 

1:1:5 

1040 

1670 

1320 

1850 

1170 

1830 

Average . 

1180 

1780 

3 

Ai 

Ai 

l  :A:5A 

1140 

1720 

1185 

1780 

. 

1080 

1800 

Average . 

1135 

1770 
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I’ ABLE  No.  7 — Continued 
COMPRESSIVE  STRENGTH  OF  CONCRETE 
(28-day  and  90-day  Specimens  were  made  Feb.  13  and  Jan.  23.  respectively) 


TABLE  No.  8 

TEMPERAT  l  RES  IN  MATERIALS  LABORATORY 


For  the  Week  |  Water  in 
Ending  |  Storage  Tank 


Dec.  12. 
“  19. 

“  2G. 

Jan.  2. 
9. 

“  16. 
“  23. 

“  30. 

Feb.  6. 
“  13. 

“  20. 
“  27. 

Mar.  6 . 
“  13 

“  20. 
“  27. 

Apr.  3. 
“  10. 
“  17. 

“  24. 

Average . . 


64 

60.5 

62.3 

64.9 

66.4 

65.8 

64.6 
62 

65 . 3 

65.3 

65.7 
64. n 

59.8 
00.3 

60.5 
62 

58.1 

66.3 

66.9 

72.1 

63.9 


Air 


66 . 5 
61  5 
64 

66.8 

67 . 5 

68.3 

67.3 

64.2 

68.7 

67.6 

65.9 

68.2 

63  2 

63 

63 

65.5 

60.5 

72.5 

68.4 

73.4 

66.3 
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DISCUSSION  OF  RESULTS 

Cement :  A  comparison  of  the  values  in  Table  No.  1  with 
the  standard  specifications  shows  that  the  cement  passed  all  re¬ 
quirements  very  satisfactorily. 

Properties  of  Sand :  The  most  striking  fact  brought  out  in 
these  tests  was  the  greater  fineness  of  the  two  sands  from  the 
Allegheny  River  as  compared  with  the  Ohio  River  sands.  Al¬ 
though  sand  Ao  was  purchased  five  months  later  than  sand  Ax  and 
was  probably  dredged  from  a  dififerent  part  of  the  Allegheny 
Ri'^er,  the  mechanical  analysis  values  are  almost  identical.  Sand 
O  is  considerably  coarser  than  sand  K.  These  sands  and  the 
•standard  Ottawa  sand  are  illustrated  in  Figs.  7,  11  and  12.  The 
coal  content  of  the  sands,  while  not  determined,  appeared  very 
small,  but  was  greatest  in  A2.  It  will  be  noted  that  the  weight  per 
cuoic  foot  of  sand  A1  is  less  and  the  percentage  of  voids  greater 

than  for  sands  O  and  K,  this  being  due  to  the  more  favorable 
grading  of  sands  0  and  K. 

Recent  tests  of  Illinois  sands  by  C.  C.  Wiley,  published  in 
Bulletin  No.  70,  University  of  Illinois  Engineering  Experiment 
Station,  indicate  that  the  average  mechanical  analysis  values  do 
not  differ  widely  from  the  average  of  the  four  local  sands.  On 
the  other  hand,  the  average  local  sand  is  considerably  finer  than 
the  average  of  eleven  Wisconsin  sands  reported  by  Prof.  M.  O. 
Withey  of  the  University  of  Wisconsin  in  the  1913  Proceedings 
of  the  American  Society  for  Testing  Materials.  All  of  the  sands 
easdy  passed  the  requirements  of  the  local  building  ordinance 
that  ‘all  material  shall  pass,  when  dry,  a  screen  having  one-quar¬ 
ter  inch  mesh  and  not  more  than  six  percent  shall  pass  a  sieve 
Having  one  hundred  meshes  per  linear  inch.” 

The  specific  gravity  values  agree  quite  closely  and  are  a 
trifle  less  than  the  average  value  of  2.65  usually  obtained. 

Properties  of  Gravels :  All  orders  were  placed  for  “1-inch” 
gravel  but  it  was  possible  to  secure  this  size  only  from  the  dealer 
•  Ur/1»S  ^  &ravel.  The  O  and  A  gravels  were  sold  as  “1 U- 
mch  and  “l^-inch”  gravel,  respectively.  The  difference  in  the 
size  of  gravel,  as  shown  by  the  mechanical  analysis  curves,  is  not 


PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA. 


Q  r  O 


Fig.  11.  A-i — Allegheny  River  Sand.  0 — Ohio  River  Sand. 
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so  great  proportionately  as  for  the  sands.  The  coarsest  is  the  Ax 
gravel,  O  next  and  K  finest.  It  will  be  seen  that  the  limestone  is 
much  coarser  than  any  of  the  gravels.  The  Pittsburgh  building 
ordinance  limits  the  minimum  size  of  gravel  to  material  “which 
when  dry  is  retained  on  a  screen  having  one-quarter  inch  mesh.” 
Table  No.  2  shows  that  the  percentage  of  material  held  on  a  sieve 
having  a  diameter  of  0.24  in.,  the  opening  which  does  not  differ 
appreciably  from  that  of  a  one-quarter  inch  mesh,  varied  from 
17.7  to  27.4  percent.  This  material  was  therefore  sand  and  not 
gravel. 

There  was  little  difference  in  the  weight  per  cubic  foot  and 
percentage  of  voids  of  the  gravels,  but  the  Ligonier  limestone,  as 
might  be  expected  because  of  the  angular  particles,  gave  a  smaller 
weight  per  cubic  foot  and  a  greater  percentage  of  voids.  It  will 
be  noted  that  the  specific  gravity  of  the  gravels  was  less  than  the 
limestone  and  also  less  than  2.66,  the  average  value  usually  quoted 
for  gravels. 

Strength  of  Briquettes :  As  may  be  seen  by  referring  to 
Table  No.  4  and  big.  4,  the  1  :  3  mortars  made  from  sands  0  and 
K  are  stronger  than  those  made  from  sands  Ax  and  A2  at  7,  28  and 
90  days.  Sand  K  tests  somewhat  higher  than  sand  0  in  three  sets 
of  specimens,  but  slightly  lower  in  the  two  remaining  sets.  Ot¬ 
tawa  sand  mortar  is  the  strongest  at  all  ages.  The  ratio  of  strength 
of  the  1  :  3  local  sand  mortar  to  Ottawa  sand  mortar  varies  from 
54  to  88  percent,  averaging  about  70  percent  for  Allegheny  sands 
and  80  percent  for  Ohio  sands.  The  Illinois  and  Wisconsin  tests 
to  which  reference  was  previously  made  give  average  values  of 
78  percent  and  105  percent,  respectively,  for  this  ratio.  This  ratio 
is  about  the  same  for  Series  No.  1,  in  which  a  fixed  percentage  of 
water  was  used,  as  for  Series  No.  3,  in  which  a  uniform  consist¬ 
ency  was  maintained. 

It  will  be  seen  that  the  requirement  of  Committee  C-2  on 
Concrete  and  Reinforced  Concrete  regarding  the  strength  of 
mortar  made  from  fine  aggregates  (see  Briquettes)  is  not  met  in 
the  case  of  the  local  sands  nor  in  the  average  Illinois  sands,  but 
is  exceeded  by  the  average  Wisconsin  sand.  The  local  building 
ordinance  has  the  same  strength  specification  for  fine  aggregates 
as  Committee  C-2. 
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Fig.  12.  — Allegheny  River  Sand.  K — Ohio  River  Sand 
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The  Bureau  of  Construction  of  Pittsburgh  has  specified  in 
recent  bridge  contracts  that  a  1  :  3  natural  sand  mortar  shall  de¬ 
velop  strengths  of  170  and  223  lb.  per  sq.  in.  at  7  and  28  days, 
respectively.  This  requirement  is  not  so  severe  as  that  of  Com¬ 
mittee  C-2  and  has  usually  been  reached ;  the  few  failures  might 
be  attributed  to  the  rather  low  temperature  of  the  water  in  the 
storage  tank. 

The  results  of  the  1  :  2  briquettes  (see  Table  Xo.  4  and  Fig. 
4),  while  somewhat  erratic,  show  the  same  general  trend  as  re¬ 
gards  the  relative  strength  of  the  Ohio  and  Allegheny  River  sands. 
The  ratio  of  strengths  of  the  local  1  :  2  sand  mortars  to  the  1  :  2 
Ottawa  sand  mortar  is  higher  than  for  the  1  :  3  mortars,  varying 
from  71  to  111  percent,  with  an  average  of  90  percent.  The  ratio 
for  sand  Ax  is  82  percent  and  for  sands  O  and  K  is  94  percent. 
The  average  ratio  for  the  W  isconsin  sands  is  93  percent,  which 
agrees  quite  closely  with  the  average  of  90  percent  for  the  local 
sands. 

Strength  of  Cubes :  All  values  are  tabulated  in  Table  Xo.  5 
and  plotted  in  Figure  Xo.  5.  The  curves  have  the  same  general 
trend  as  those  for  the  briquettes,  the  Allegheny  mortars  being 
weaker  than  the  Ohio  mortars  and  the  Ottawa  mortars  strongest, 
except  in  the  7-day  specimens  of  Series  Xo.  6  and  No.  7.  How¬ 
ever,  the  O  sand  gives  higher  results  than  K  sand  for  all  speci¬ 
mens,  which  was  not  the  case  for  the  briquettes.  The  ratio  of 
strength  of  the  local  sand  mortar  to  the  Ottawa  sand  mortar 
varies  from  51  to  109  percent,  the  average  values  for  Alt  A 0 
and  K  being  64,  53,  83  and  75  percent,  respectively.  This  ratio  for 
Series  Xo.  9  in  which  the  same  consistency  is  used  is  from  10  to  14 
percent  lower  than  for  Series  Xo.  6  and  Xo.  7,  in  which  the  per¬ 
centage  of  water  was  constant.  Since  the  specimens  of  these  three 
series  were  made  by  different  operators,  the  cause  of  this  variation 
cannot  be  definitely  located. 

The  New  York  Board  of  Water  Supply  requires  a  strength 
of  1000  and  1300  lb.  per  sq.  in.  at  28  days  and  3  months,  respec¬ 
tively,  for  1  :  3 — 2-inch  cubes.  It  is  evident  that  this  requirement 
is  easily  met  by  all  sands  tested. 

The  relative  strengths  of  the  1  :2  cubes  (see  Table  No.  5 
and  Fig.  5)  do  not  differ  essentially  from  those  obtained  for  the 
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1  :  3  cubes.  Ihe  ratio  of  strength  of  Alt  O  and  K  mortars  to 
Ottawa  mortar  are  54,  T9  and  70  percent,  respectively,  with  indi¬ 
vidual  value  varying  from  51  to  88  percent. 

Increase  of  Strength  zvith  Time :  Figures  Nos.  13  and  14 
show  that  generally  the  rate  of  increase  in  strength  for  briquettes 
and  cubes  is  greater  at  the  earlier  than  at  the  later  periods,  and 
that  the  rate  is  usually  the  greatest  for  the  Ottawa  mortars  and 
least  for  the  Allegheny  mortars. 

Relation  of  Strength  to  Density  and  to  Volume  of  Mortar : 
In  Fig.  6  are  plotted  curves  showing  the  relation  between  strength 
and  density  and  between  strength  and  volume  of  mortar,  the  mor¬ 
tar  for  all  sands  being  of  the  same  consistency.  All  briquettes  and 
cubes  were  made  of  1  :  3  proportions  and  were  broken  at  7  and 
28  days.  It  will  be  noted  that  the  well-known  law  of  strength 
increasing  with  density  is  verified,  and  since  the  volume  of  a 
mortar  varies  approximately  in  inverse  proportion  to  its  density, 
it  follows  that  the  strength  increases  as  the  volume  of  the  mortar 
decreases. 

This  relation  of  strength  to  volume  of  a  mortar  suggests  a 
convenient  field  method  for  determining  the  best  sand.  Cement 
and  dry  sand  of  the  desired  proportions  are  mixed  with  sufficient 
water  and  the  volume  of  the  mortar  determined  by  measurement, 
e.  g.,  in  a  cylinder  of  convenient  size.  Similar  measurements  are 
made  for  the  mortars  of  each  sand  under  investigation,  the  con¬ 
sistency  of  the  mortars  and  the  weight  of  the  cement  and  sand 
being  the  same.  That  sand  which  gives  the  mortar  having  the 
least  volume  will  ordinarily  be  the  most  desirable  material. 

Concrete  Tests :  (a)  Specimens  of  Series  No.  1  were 

made  in  order  to  determine  the  comparative  compressive  strength 
of  1  :  2  :  4  concrete  made  of  Allegheny  River  sand  and  gravel, 
Ohio  River  sand  and  gravel,  and  Ligonier  limestone  and  a  fine 
aggregate  composed  of  equal  parts  of  sands  Alf  0  and  K.  It  will 
be  seen  (see  Figs.  8  and  9  and  fable  No.  6)  that  the  variation  in 
strength  at  28  days  is  very  slight,  the  average  being  1492  lb.  per 
sq.  in.,  with  a  maximum  variation  from  the  average  of  about 
5  percent. 
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Fig.  14.  Strength  of  Cubes  at  Different  Ages 
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Committee  C-2  on  Concrete  states  that  a  1:2:4  concrete 
cylinder,  8  inches  in  diameter  and  16  in.  high,  should  develop  a 
compressive  strength  of  2000  lb.  per  sq.  in.  at  28  days.  The  local 
building  ordinance  specifies  the  same  strength  at  28  days  tor  a 
specimen  having  similar  dimensions  and  made  of  concrete  in 
which  the  ratio  of  cement  to  the  sum  of  the  fine  and  coarse  aggre¬ 
gates  is  1  :  6.  Taylor  and  Thompson  give  a  strength  of  1700  lb. 
per  sq.  in.  for  1:2:4  concrete  at  28  days  for  this  specimen. 

The  average  strength  obtained  in  these  specimens  is  less  than 
any  of  the  required  values  quoted.  This  may  be  explained  partly 
by  the  low  average  temperature  of  63.5  deg.  during  the  28-day 
period  and  by  the  greater  slenderness  of  the  6  by  18-inch  concrete 
specimen  used  as  compared  with  the  standard  8  by  16-inch  speci¬ 
men.  However,  it  is  doubtful  whether  these  unfavorable  con¬ 
ditions,  if  corrected,  would  result  in  increasing  the  strength  to 
2000  lb.  per  sq.  in.  lhat  this  requirement  is  not  always  met  is 
indicated  by  an  article  in  the  Engineering  News  of  Feb.  11,  1915. 
Mr.  Ralph  E.  Goodwin,  who  is  in  charge  of  tests  of  concretes  and 
concrete  aggregates,  Public  Service  Commission,  New  York  City, 
reports  an  average  strength  of  1490  lb.  per  sq.  in.  for  8  by  16-inch 
cylinders  of  1  : 2  : 4  concrete,  age  28  days.  All  cylinders  were 
made  of  aggregates  which  had  passed  specifications  and  which  in¬ 
cluded  trap  rock,  dolomite,  bank  and  beach  gravel  and  sand,  and 
sand  excavated  on  the  work.  However,  the  specimens  were- made 
in  the  field  of  concrete  which  had  usually  been  in  the  forms. 

At  90  days  the  variation  in  strength  of  Series  No.  1  was 
greater  than  at  the  earlier  age,  the  average  strength  of  all  cyl¬ 
inders  being  2408  lb.  per  sq.  in.  The  ratio  of  strength  of  the 
K  and  L  to  the  O  specimens,  which  were  the  strongest,  was  86, 
91  and  83  percent,  respectively.  It  is  evident  that  the  curve  at 
this  age  (see  Fig.  8)  shows  the  same  general  law  as  the  curves  for 
the  1  :  2  briquettes  and  cubes,  although  the  variation  is  not  pro¬ 
portionately  so  great,  thus  indicating  that  the  sand  is  a  more  im¬ 
portant  factor  than  the  gravel.  1  he  average  strength  obtained  is 
considerably  higher  than  the  average  of  1840  lb.  per  sq.  in.  quoted 
by  Mr.  Goodwin  in  the  report  previously  mentioned. 

The  gain  in  strength  from  the  28  day  to  the  90  day  period 
was  surprisingly  high,  values  varying  from  53  to  71  percent,  with 
an  average  of  61  percent.  I  aylor  and  1  hompson  report  an  aver- 


— 
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Fig.  15.  A — Universal  Testing  Machine  in  Laboratory. 
B — Gradual  Failure  of  Concrete  Cylinder. 


age  gain  of  25  percent  between  these  ages.  If  the  average  strength 
of  2000  lb.  per  sq.  in.  recommended  by  Committee  C-2  and  Taylor 
and  Thompson’s  average  value  of  1700  lb.  per  sq.  in.  be  increased 
by  25  percent,  strengths  of  2500  and  2125  lb.  per  sq.  in.,  respec¬ 
tively,  are  obtained.  It  will  be  seen  that  the  strength  of  the  local 
materials  at  the  later  age  compares  quite  favorably  with  these 
computed  results. 
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( b )  The  specimens  of  Series  Xo.  2,  No.  3  and  No.  4  were 
made  with  a  view  of  ascertaining  the  effect  of  varying  the  relative 
volumes  of  sand  and  gravel  in  a  mix  of  one  volume  of  cement 
to  six  volumes  of  sand  and  gravel. 

Because  of  the  large  amount  of  material  in  the  gravel  finer 
than  Y\  inch,  it  was  thought  that  the  standard  proportions  of 
1:2:4  contained  too  much  tine  material  and  that  therefore  an  in¬ 
crease  in  strength  would  result  if  the  sand  were  decreased.  Pre¬ 
liminary  tests  on  Allegheny  River  materials  in  1912  pointed  to  this 
conclusion.  It  is  evident,  however  (see  Table  Xo.  ^  and  Fig.  10). 
that  the  1:2:4  mix  usually  developed  the  greatest  strength. 

This  may  be  explained  in  some  small  degree  by  the  greater 
proportion  of  cement,  based  on  weight,  in  the  mixes  having  more 
sand.  For  example,  in  cylinders  K,  proportions  1:2:4:;  18.5  lb. 
of  cement,  31.3  lb.  of  sand,  and  T9. 9  lb.  of  gravel  were  used.  The 
proportion  of  cement  based  on  the  total  weight  of  129. T  lb.  is 
14.3  percent.  For  the  1  :l/2  :  ol/2  specimens ;  18.5  lb.  of  cement, 
7.5  lb.  of  sand,  and  108.6  lb.  of  gravel  were  required,  a  total 
weight  of  136.3  lb.,  with  a  cement  content  of  13.6  percent.  This 
decrease  in  the  ratio  of  cement  to  the  total  weight  of  material 
used  is  due  to  the  greater  weight  of  the  gravel  as  compared  with 
the  sand.  Lack  of  sufficient  time  has  prevented  a  thorough  analy¬ 
sis  of  the  results  of  Series  No.  2,  No.  3  and  No.  4. 

It  is  unfair  to  compare  the  strengths  of  concrete  made  of 
different  materials  in  these  three  series  because  of  the  various 
curing  conditions.  A  comparison  can  be  made  only  of  the  various 
mixes  of  concrete  made  from  the  same  materials. 

In  concluding  this  paper  the  writer  desires  that  the  results 
obtained  for  the  materials  from  the  Allegheny  and  Ohio  Rivers 
should  not  be  interpreted  as  typical  of  those  rivers,  for  it  is  known 
that  the  quality  of  the  materials  in  any  river  varies  with  the 
location  of  the  materials  in  the  river.  However,  it  may  be  stated 
that  if  local  sands  show  the  same  difference  in  fineness  as  were 
exhibited  by  the  sands  discussed  in  this  paper,  then  a  considerable 
difference  in  the  strengths  of  their  mortars  and  concretes  may 
ordinarily  be  expected. 
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DISCUSSION 

Mr.  Harry  J.  Lewis*  :  I  would  like  to  ask  Professor  Mc¬ 
Cullough  what  is  the  origin  of  the  Ottawa  sand  which  was  used 
as  the  control  in  these  experiments. 

A  little  thought  on  the  geological  derivation  of  our  sands 
may  be  interesting.  Our  principal  sands  are  probably  largely  de¬ 
rived  from  the  washing  down  of  the  old  benches,  or  gravel  detri¬ 
tus  from  glaciation  along  the  Allegheny  River,  and  the  quartz 
in  those  benches  would  be  derived  from  the  breaking  down  of 
the  igneous  rocks  of  Canada,  with  some  admixture  from  the 
sandstones  which  were  cut  down  by  glaciation  as  the  glaciers  slid 
down  over  the  country  to  the  South.  The  gravel  of  these  benches 
show  the  white  quartz  and  the  iron  stained  quartz  and  the 
granite  and  some  of  the  finer  grained  rocks,  and  those  in  the  Alle¬ 
gheny  River  valley  would  be,  for  the  most  part,  derived  from  old 
rock  and  from  a  thoroughly  good  quartz,  aside  from  what  came 
from  the  cutting  down  of  the  intervening  sandstones  of  the  South. 

The  Allegheny  sands,  coming  down  from  that  source,  would 
be  very  much  rounded.  That  is  to  say,  they  would  be  a  quartz 
gravel  of  small  size,  and  it  would  be  interesting  to  study  these 
sands  under  the  microscope  as  bearing  on  their  behavior  with 
cement  as  compared  with  a  sharp,  angular  sand. 

Now  as  to  the  Ohio  River  sand,  that  would  be  a  hybrid,  com¬ 
ing  partly  from  the  cutting  down  of  the  sandstones  of  the  Monon- 
gahela,  a  mixture  with  these  Allegheny  sands  in  bars  in  slow 
water.  I  am  not  surprised  that  the  Ohio  sand  shows  a  little  better 
result  sometimes,  because  the  mixture  of  these  two  sands  might 
produce  a  slightly  better  condition  of  voids  and  adhesion  than  the 
one  character  of  sand.  We  cannot  go  up  the  Monongahela  and  get 
good  concrete  gravel  because  the  proper  material  was  never  there. 
The  good  gravel  in  the  Allegheny  is  imported  entirely  from  Can¬ 
ada  and  the  portion  derived  from  anywhere  south  of  the  Interna¬ 
tional  Boundary  would  be  a  decided  disadvantage.  Whenever  any 
of  the  soft  rock  that  belongs  to  us  has  come  in  with  the  Canadian 
rock  in  the  Allegheny  gravels  they  are  a  decided  disadvantage. 
What  we  want  for  a  good  concrete  is  the  gravels  which  still  re- 

*Consulting  Engineer,  336  Fourth  Avenue,  Pittsburgh. 
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tain  their  polish  after  the  several  hundred  centuries  since  the  last 
period  of  glaciation.  The  gravels  which  retain  their  polish  are 
worth  while  and  those  that  are  pitted  and  rough  are  not.  \\  hen 
the  latter  get  into  concrete  they  are  likely  to  give  trouble  every 
time. 

The  Author:  I  am  indebted  to  Mr.  C.  R.  Fettke,  Instruc¬ 
tor  in  Geology  at  Carnegie  Institute  of  technology,  for  the 
following  answer  to  Mr.  Lewis’  question: 

“The  silica  sand  which  is  produced  in  such  large  quantities 
in  the  vicinity  of  Ottawa,  Illinois,  comes  from  the  St.  Peter  sand¬ 
stone,  one  of  the  formations  in  the  lower  portion  of  the  Ordo¬ 
vician  in  the  Upper  Mississippi  \  alley  region.  I  he  St.  Peter 
formation  is  a  very  pure  quartz  sandstone  often  containing  over 
99  percent  silica.  It  has  little  or  no  binding  material  between  the 
grains,  so  that  it  can  usually  be  crumbled  readily  between  the 
fingers  into  a  loose  sand.  In  size  the  individual  grains  range  from 
one  millimeter  down  to  0.01  of  a  millimeter  in  diameter,  the  bulk 
of  the  material  falling  between  0.4  and  0.05  millimeters.  The 
large  grains  are  usually  well  rounded.  In  thickness  the  forma¬ 
tion  varies  from  a  few  inches  to  225  feet. 

This  sand  was  deposited  on  a  low-lying  coastal  plain  left  ex¬ 
posed  when  the  sea,  which  had  occupied  the  greater  part  of  the 
Mississippi  Valley  region  during  the  beginning  of  the  Ordovician 
period,  retreated.  Part  of  the  sand  was  spread  over  the  area  by 
the  sea  during  its  gradual  retreat ;  part  of  it  was  washed  onto  it  by 
streams  which  derived  the  sand  from  sandstones  and  other  rocks 
containing  quartz  grains  which  were  undergoing  weathering  and 
erosion  along  the  northern  margins  of  the  area;  and  a  portion  of 
it  was  blown  across  the  coastal  plain  by  prevailing  northerly 
winds.  The  wind  was  also  very  active  in  transporting  the  sand 
already  deposited  so  that  the  area  presented  .the  aspect  of  a  slowly 
shifting  sand  plain,  the  sand  gradually  moving  southward  in  the 
form  of  dunes.  This  resulted  in  the  removal  of  all  the  finer, 
lighter,  clayey  material,  leaving  behind  a  very  fine  quartz  sand. 
The  action  of  the  wind  also  accounts  for  the  rounded  nature  of 
the  grains.  Later,  when  the  sea  again  advanced  over  the  area  the 
upper  portion  of  the  sand  was  re-worked  by  the  waves,  and 
finally  limestones  and  other  strata  were  deposited  on  top  of  it.  It 
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is  only  in  places  where  erosion  has  removed  these  overlying  beds 
that  the  St.  Peter  sandstone  can  be  worked  today.” 

Mr.  Edward  Godfrey*  :  I  would  like  to  know  how  the  cyl¬ 
inders  of  concrete  were  treated  during  the  hardening  period, 
whether  the  molds  were  left  on  them  and  whether  they  were 
moistened,  or  kept  in  water,  or  allowed  to  dry  and  what  was  the 
treatment  in  the  first  30  days. 

The  Author  :  The  cylinders  were  usually  covered  with 
burlap  soaked  in  water  for  about  six  days.  At  the  end  of  that 
time  they  were  taken  out  of  the  molds  and  buried  in  sand  which 
was  sprinkled  twice  each  week,  so  they  were  cured  under  moist 
conditions,  as  I  have  stated  in  the  paper.  We  found  in  our  student 
work  that  a  6-inch  cylinder  is  so  narrow  that  the  water  evaporated 
before  it  had  fulfilled  its  mission  in  the  concrete.  Cylinders  at  the 
end  of  six  months  were  not  as  strong  when  cured  in  air  as  cyl¬ 
inders  cured  in  moist  sand  at  the  end  of  six  weeks. 

Mr.  Edward  Godfrey  :  I  think  in  making  the  test  you  said 
you  used  blotting  paper.  Were  the  ends  of  the  specimens  troweled 
off  or  was  an  effort  made  to  get  plane  and  parallel  surfaces  ? 

The  Author:  The  cylinder  was  cast  with  the  concrete, 
about  one-fourth  of  one  inch  below  the  top  of  the  mold.  At  the 
end  of  two  or  three  days  a  cap  of  1  :  1  mortar  was  placed  on  this, 
usually  in  two  layers,  and  rather  wet,  so  it  would  adhere  to  the 
concrete,  this  cap  being  finished  off  so  it  was  practically  plane. 
We  usually  tested  the  upper  surface  of  the  cylinder  with  a  straight 
edge  and  if  any  unevenness  was  found  it  was  removed  with  a 
coarse  file.  The  objection  to  using  a  plaster  of  paris  cap  is  the 
delay. 

Mr.  Edward  Godfrey  :  We  always  use  blocks  of  soft  pine 
wood,  one  on  each  end  of  the  cylinder,  and  we  find  it  gives  more 
satisfactory  results.  I  have  found  that  it  gives  a  uniform  pres¬ 
sure  on  the  concrete. 


♦Structural  Engineer,  Robert  W.  Hunt  &  Co.,  Pittsburgh. 
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The  Author  :  Do  you  take  any  precautions  to  secure  plane 
surfaces  ? 

Mr.  Edward  Godfrey  :  1  he  cubes  come  to  me  already  made 

and  that  is  not  up  to  me. 

The  Author  :  Do  you  place  the  pine  boards  so  that  the  load 
is  applied  across  the  grain  ? 

Mr.  Edward  Godfrey:  Yes,  across  the  grain,  with  a 
34-inch  pine  board  on  top  and  bottom  of  the  cylinder.  The  board 
crushes  down  to  about  half  the  original  thickness,  but  it  seems  to 
give  a  uniform  pressure  on  the  concrete. 

Mr.  John  A.  Ferguson  :*  Speaking  from  the  standpoint  of 
the  building  lawrs,  the  creation  and  enactment  into  lawr  of  the 
ordinance  authorizing  and  regulating  the  use  of  concrete  and  re¬ 
inforced  concrete  on  December  11,  1913,  brought  into  being  one 
of  the  most  perfect  regulations  of  its  particular  kind  that  I  have 
ever  had  the  pleasure  to  study. 

\ou  have  probably  noted  that  the  speaker  called  attention  to 
the  fact  that  there  are  probably  more  of  the  larger  pebbles  which, 
under  the  ordinance,  would  be  classed  as  sand  in  most  of  the 
gravel  delivered.  There  is  quite  a  good  reason  for  having  allowed 
this  practice  to  grow’  up  in  the  building  trades  of  Pittsburgh.  It 
has  been  because  the  sand  delivered  on  most  of  the  operations  is 
pretty  fine  and  not  quite  properly  graded  from  tine  to  coarse;  the 
finer  particles  of  this  gravel  being  admitted  in  order  to  make  up 
for  the  deficiency.  I  believe  that  we  have  a  better  product  by  this 
indulgence  than  we  would  have  without  it. 

It  has  long  been  known  that  concretes,  as  made  in  Pitts¬ 
burgh,  are  not  quite  as  strong  as  is  required  by  the  Committees 
of  the  American  Societies  for  Testing  Materials  and  of  Civil  En¬ 
gineers,  especially  during  the  earlier  period  of  its  life.  However, 
there  w’as  a  great  deal  of  pressure  brought  to  bear  on  the  “Com¬ 
mission”  to  write  those  requirements  right  into  the  ordinance. 
The  Commission  have  taken  precautions  to  place  in  the  ordinance 
sufficient  information  to  so  arrange  the  stipulations  of  the  ordi- 

*Ohief  Engineer,  Bureau  of  Building  Inspection.  City  of  Pittsburgh. 
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nance  that  this  organ  would  serve  to  standardize  the  building 
practice  of  the  city  and  it  has  done  so.  I  might  add,  however,  that 
if  our  Council  could  get  over  their  fit  of  economy  sufficiently  to 
place  a  little  more  assistance  in  the  hands  of  the  engineering  por¬ 
tion  of  the  building  inspector,  that  the  taxpayers  of  the  city  would 
be  saved  many  thousands  of  dollars  annually.  This  is  a  matter 
that  is  not  easily  explained  without  a  long  explanation,  and  I  will 
not  go  into  it  tonight. 

The  information  gained  from  the  study  of  so  valuable  a  paper 
as  this  one,  which  brings  together  matter  never  before  set  forth 
in  so  clear  and  graphic  a  manner,  should  be  an  eye-opener  to  all 
of  us.  And  I  know  that  it  will  have  an  important  bearing  on 
building  knowledge  in  this  vicinity. 

I  have  also  noticed  the  difference  in  the  texture  of  gravels 
as  they  come  to  the  builders  from  various  parts  of  both  the  Alle¬ 
gheny  and  Ohio  Rivers,  and  I  find,  just  as  Mr.  Lewis  said,  that 
you  can  pick  out  the  rocks  and  their  origin  very  nicely.  I  have 
also  noticed  that  a  great  many  of  the  softer  stones  are  flat  and 
not  round,  and,  peculiarly  enough,  where  those  flat  stones  have 
been  put  in  the  aggregates  in  testing  the  materials  the  results  were 
lower  than  where  the  rounded  stones  were  in  the  gravel. 

Coming  now  to  specific  points  of  the  paper,  the  difference  in 
the  methods  of  curing  test  specimens  from  the  general  practice 
in  construction  is  so  great,  it  is  my  belief,  after  studying  this 
matter  over  on  6000  to  7000  tests  of  local  materials  and  noting  the 
very  great  effect  that  conditions  subsequent  to  manufacture  have 
on  the  actual  strength,  that  it  is  quite  probable  the  actual  strength 
of  concrete  in  the  buildings  at  an  age  of  30  days  is  slightly  higher 
than  the  test  specimens  show  here.  This  is  chiefly  because  the 
concrete  is  invariably  allowed  to  dry  out  too  soon.  It  is  not  a 
good  thing,  however,  as  this  procedure  has  a  tendency  to  reduce 
its  strength  later  on  below  what  it  ought  to  be. 

The  test  specimens  from  the  Laboratories  show  a  strength  of 
1500  to  1700  lb.  per  sq.  in.  at  28  days  and  2200  average  at  a  half 
year. 

Then  in  addition  to  the  discussion  of  this  particular  phase  of 
the  paper,  it  has  become  an  interesting  problem  in  regard  to  the 
actual  deterioration  in  the  strength  of  concrete  as  it  is  placed  in 
the  building.  They  are  kept  dry  always,  practically,  and  studies 
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made  by  investigators  have  shown  that  concrete  aged  in  this  man¬ 
ner  weakens  in  time  considerably.  The  question  is  how  long  will 
it  be  before  the  concrete  in  buildings  deteriorates  to  such  a  point 
that  we  cannot  consider  it  safe.  It  will,  I  suppose,  take  a  long 
time,  but  it  can  be  found  within  the  patience  of  man  to  investigate 
to  find  that  these  concretes  have  weakened  considerably. 

Taking  all  these  points  in  view,  in  looking  at  the  situation 
carefully,  it  appears  to  me  that  not  only  are  our  engineers  at  fault, 
(and  our  contractors  at  fault  as  a  consequence,  because  thev  are 
supposed  to  be  led  by  our  engineers),  but  also  the  commercial 
situation,  in  requiring  work  to  be  done  for  certain  prices  in  order 
to  be  able  to  finance  propositions,  has  a  great  bearing  on  safety 
conditions  and  their  result  in  the  actual  value  of  the  buildings 
after  they  are  constructed  and  the  lack  of  permanency  of  invest¬ 
ment,  which  may  result  from  this  headlong  policy.  This  question 
is  sure  to  come  up,  if  not  in  our  lifetime,  then  later,  as  is  the 
ultimate  deterioration  of  steel.  Yet  I  feel  that  that  too  is  quite 
a  long  way  oft  in  most  cases. 

Mr.  Edward  Godfrey:  Professor  McCullough  called  atten¬ 
tion  to  the  fact  that  his  concrete  cylinders  did  not  meet  the  ordi¬ 
nary  requirements  of  the  Pittsburgh  Building  Code  in  the  strength 
of  concrete.  I  believe  the  treatment  of  the  cvlinders  during  hard- 
ening  has  much  to  do  with  that.  Not  that  he  did  not  give  them  the 
right  treatment,  but  he  did  not  give  them  the  treatment  that  would 
produce  these  results.  J  he  strength  at  90  days  was  very  much 
more  than  the  strength  at  28  days.  If  these  cylinders  had  been 
allowed  to  dry  out  earlier  I  believe  they  would  have  shown  more 
strength  at  28  days.  I  do  not  consider  that  the  best  treatment  at 
all  for  concrete,  d  he  longer  it  is  kept  wet  the  better.  I  believe 
it  will  ultimately  attain  greater  strength  by  keeping  it  moist.  It 
is  a  common  notion  that  a  concrete  building  keeps  on  getting 
stronger  and  stronger.  It  does  up  to  the  point  where  the  water 
drys  out,  and  after  that  there  is  little  if  any  increase  in  strength. 
Contractors  understand  this  to  some  extent  and  they  will  remove 
the  forms  from  a  column  because  they  want  the  air  to  get  at  it. 
That  gives  them  a  premature  strength,  whereas  if  they  left  the 
forms  on,  particularly  steel  forms  that  hold  the  water,  the  strength 
would  ultimately  be  greater  because  of  the  increase  in  strength  by 
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the  action  of  the  water.  I  took  a  block  of  concrete  from  a  frosted 
floor  and  broke  it  in  two.  I  laid  one  piece  on  the  shelf  and  let  it 
dry  out  and  I  kept  the  other  piece  in  water  for  some  time.  The 
result  was  that  the  piece  that  was  allowed  to  dry  is  now  just  a 
mass  that  is  barely  held  together  and  which  you  could  crush  with 
your  fingers.  It  never  did  harden  and  never  will.  The  piece  that 
was  kept  in  water  hardened  to  a  hard  lump.  That  is  the  difference 
between  keeping  concrete  in  water  and  allowing  it  to  dry  out,  par¬ 
ticularly  when  it  has  been  frosted.  It  is  true  to  some  extent  of 
concrete  that  has  not  been  frosted,  but  such  concrete  will  harden. 
But  concrete  that  has  been  frosted,  if  it  is  allowed  to  dry  and  not 
moistened  again,  is  liable  to  reach  a  place  where  it  will  never 
harden.  This  is  an  important  fact  concerning  concrete  and  its 
treatment.  Sometimes  the  strength  of  a  floor  can  be  redeemed, 
whereas  if  it  is  allowed  to  dry  out  it  would  be  entirely  ruined  and 
useless.  It  has  been  found  that  the  strength  of  test  specimens 
depends  somewhat  on  the  moisture  in  the  specimen  and  if  it  is 
dried  out  it  will  stand  more  pressure  than  if  it  is  tested  wet. 

Mr.  W.  A.  Bliss  :*  I  have  been  very  much  interested  in 
Prof.  McCullough's  lecture  and  in  the  discussion.  Although  I 
have  been  associated  with  producers  of  river  sand  and  gravel  in 
the  Pittsburgh  District  for  ten  years,  I  have  heard  much  tonight 
about  local  sands  and  gravel  that  I  did  not  know  and  much  that 
will  be  of  great  benefit  to  our  industry.  I  am  disappointed  to 
learn  that  concrete  and  mortars  in  which  local  sands  and  gravels 
are  used  do  not  come  up  to  the  standard  tests  for  strength.  I 
would  like  to  ask,  if  it  were  possible  for  the  sand  and  gravel 
producers  to  include  with  their  gravel  particles  of  crushed  stone 
made  by  crushing  the  large  boulders  that  are  now  allowed  to  fall 
into  the  river,  would  the  efficiency  of  the  local  aggregate  be  in¬ 
creased  ?  By  so  doing  you  would  get  more  angular  pieces  among 
the  gravels  and  also  reduce  the  percentage  of  soft  flat  stones.  We 
are  anxious  and  I  am  sure  the  same  can  be  said  of  the  other  pro¬ 
ducers  to  co-operate  with  the  engineers  in  securing  a  local  aggre¬ 
gate  of  such  quality  that  concrete  made  of  it  will  stand  as  good  a 
test  if  not  better  than  that  produced  in  any  part  of  the  country. 

♦Secretary,  Keystone  Sand  &  Supply  Company,  Diamond  Bank  Build¬ 
ing-,  Pittsburgh. 
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The  greatest  trouble  with  the  local  sands  and  gravel  is  the 
lack  of  care  in  selecting  and  preparing  the  aggregates  for  the 
market.  1  he  main  thought  of  the  producers  being  quantity,  not 
quality.  1  his  condition  is  brought  about  by  the  very  low  prices 
for  which  local  sands  and  gravel  are  sold.  The  prices  of  sand  and 
gravel  in  Pittsburgh  are  lower  than  in  any  city  in  the  United 
States.  How  much  selecting  and  preparing  can  be  done  to  a  com¬ 
modity  selling  at  times  as  low  as  16  cents  per  ton  loaded  on  cars? 
The  engineers  of  Pittsburgh  can  remedy  this.  If  you  specify 
cleaner  and  better  graded  materials  and  insist  on  getting  them, 
then  it  will  be  up  to  the  producers  to  get  what  you  want.  To  do 
this  the  producers  must  build  larger  boats  and  install  new  ma¬ 
chinery,  and  it  is  reasonable  to  suppose  we  must  get  more  money 
for  our  product.  Understand  I  am  not  asking  that  you  pay  more 
tor  what  you  are  now  getting,  for  I  have  seen  material  produced 
from  these  rivers  for  which  16  cents  per  ton  was  a  big  price,  but 
I  am  asking  that  you  demand  better  materials,  which  means  better 
corxrete  for  which  the  owner  is  ready  to  pay  a  better  price. 


Mr.  T.  J.  \\  ilkerson*  :  That  is  the  very  matter  that  I  have 
agitated  with  a  number  of  different  gravel  dealers  in  town.  I 
think  it  would  increase  the  strength  of  the  material  very  much. 
Take  a  good  hard  crushed  stone  and  all  the  tests  we  have  got  show 
that  it  gives  a  stronger  concrete  than  our  round  gravel.  I  have 
asked  different  gravel  people  why  they  do  not  put  in  crushers. 
Down  around  Cincinnati  they  specify  crushed  gravel,  claiming 
that  they  get  better  results  than  with  ordinary  round  gravel. 

Mr.  J.  A.  Ferguson  :  \\  hen  we  can  get  the  general  engi¬ 

neers  of  the  city  to  specify  this  kind  of  concrete  we  shall  have  a 
product  superior  to  what  we  have  today.  Even  if  we  would  take 
the  gravels  as  we  get  them  from  the  river  today  and  run  them 
through  a  crusher  so  that  all  the  particles  would  be  one-inch  and 
under,  we  would  have  quite  a  large  increase  in  the  actual  amount 
of  crushed  gravel  at  our  disposal  and  the  resulting  concrete  will 
surely  be  much  better  in  quality. 

PittsbuS?hiSi°n  Engineer  of  Bureau  of  Engineering.  City  of 
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Mr.  W.  A.  Bliss  :  In  New  York  and  Philadelphia  they  pro¬ 
duce  crushed  rock  with  their  sand  and  gravel.  The  Government 
compels  them  in  those  rivers  to  take  away  everything  they  dig, 
which  is  not  the  case  in  our  rivers.  As  long  as  we  keep  our  wash 
pile  low  enough  not  to  interfere  with  navigation  that  is  all  that  is 
asked.  But  I  think  eventually  sand  companies  in  this  district  will 
put  in  crusher  plants  where  we  can  sell  crushed  river  stone. 

Prof.  Horace  R.  Thayer:*  Prof.  McCullough  has  just 
given  us  a  valuable  contribution  to  the  literature  on  the  subject  of 
concrete.  The  complex  nature  of  this  important  structural  mate¬ 
rial  is  becoming  more  and  more  evident  as  we  consider  the  effect 
of  the  various  elements  which  may  influence  its  strength  and 
durability.  Among  these  we  may  mention  : 

Cement :  Strength,  fineness,  chemical  composition. 

Sand :  Quantity,  strength,  durability,  mechanical  analysis. 

Aggregate :  Quantity,  strength,  durability,  mechanical  an¬ 
alysis. 

Water :  Amount,  presence  of  salt. 

Adulteration  :  Clay,  organic  matter,  salt,  lime,  oil. 

Exposure  to :  Sea  water,  alkaline  water,  oil,  sewage,  ma¬ 
nure. 

Effect  of  Thoroughness  of:  Mixing,  remixing,  temperature, 
time  of  setting. 

Comparing  it  with  steel,  we  find  many  more  factors  which 
may  affect  it.  When  we  recollect  in  addition  that  any  gang  of 
laborers  with  very  little  equipment  and  perhaps  with  no  intelli¬ 
gent  supervision  can  compete  in  its  production,  the  gravity  of  the 
situation  appeals  to  us  at  once.  Steel,  on  the  other  hand,  requires 
elaborate  equipment,  the  organization  of  a  company  and  the  intro¬ 
duction  of  trained  men.  All  this  expenditure  tends  to  create  a 
feeling  of  responsibility  that  ensures  the  producers’  interest  in  a 
satisfactory  product. 

I  do  not  wish  to  decry  concrete,  for  it  is  one  of  our  most 
important  materials  of  construction ;  but  I  do  wish  to  emphasize 

♦Assistant  Frofessor  of  Structural  Design,  Carnegie  Institute  of 
Technology,  Pittsburgh 
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the  importance  of  this  and  further  research  work  and  the  con¬ 
stant  need  of  intelligent  and  trained  supervision. 

1  he  Author:  Replying  to  Mr.  Bliss,  I  would  say  that 
while  the  majority  of  cylinders  failed  by  the  gravel  pulling  out 
from  the  mortar,  some  cylinders  showed  at  failure  a  considerable 
shearing  through  the  flat,  elongated  particles,  thus  indicating  that 
such  shapes  were  weaker  than  the  more  rounded  pebbles.  A  com¬ 
parison  of  the  strength  of  concrete  made  of  crushed  gravel  and 
of  the  gra\  el  commonly  used  would  make  a  very  interesting  prob¬ 
lem  for  future  investigation. 

The  question  was  raised  regarding  the  compressive  strength 
of  concrete  when  cured  in  mass  and  in  test  specimens.  Mr.  R.  E. 
Goodwin  in  the  Engineering  News  of  February  18,  1915,  states 
that  concrete  cut  from  the  structure  showed  8  percent  greater 
strength  than  the  material  in  the  test  specimens,  which  were  stored 
in  moist  sand  on  the  work,  and  26.5  percent  greater  strength  than 
the  concrete  stored  in  the  moist  room  of  the  laboratory.  This 
concrete  was  allowed  to  age  90  days  before  testing.  Judging 
from  these  results  we  might  expect  a  somewhat  higher  strength 
for  the  mass  concrete  than  the  values  of  1492  and  2408  lb.  per  sq. 
in.  obtained  at  2b  and  90  days,  respectively,  in  this  series  of  tests. 

I  have  found  on  reading  specifications  for  reinforced  con¬ 
crete  bridges  built  recently  that  Allegheny  River  material  was 
required.  I  wish  to  ask  Mr.  \\  ilkerson  why  any  preference  is 
given  to  that  material. 

There  has  been  some  discussion  regarding  the  desirability 
of  a  sharp  sand.  I  was  not  aware  that  sharpness  of  sand  grains 
was  essential  for  great  strength.  The  Illinois  Bulletin  from  which 
I  quoted  this  evening  states  that  the  sharpness  in  some  sands  has 
been  detrimental,  for  these  sand  grains  showed  planes  of  recent 

cleavage  which  were  so  smooth  that  the  cement  would  not  adhere 
to  them. 

W  ith  reference  to  the  maximum  size  of  the  coarse  aggregate 
I  believe  that  experiments  have  shown  that  the  strength  of 
concrete  increases  with  the  maximum  size  of  the  gravel  or  stone 
because  of  the  better  grading  and  greater  density.  If  the  gravel 
or  stone  ranges  from  in.  to  2l/2  or  3  in.,  a  stronger  concrete  will 
be  produced  than  when  the  variation  is  from  y4  in.  to  1  in.  The 
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maximum  size  is  limited  to  1  in.  in  building  work  because  of  prac¬ 
tical  considerations. 

The  coal  content  was  not  determined,  but  was  not  especially 
noticeable  except  in  one  of  the  Allegheny  sands.  We  had  ex¬ 
pected  to  include  a  mineralogical  examination  of  the  materials  in 
this  study,  but  were  not  able  to  do  so.  Owing  to  the  presence  of 
other  factors  and  to  incomplete  data  no  definite  conclusions  can 
be  stated  regarding  the  effect  of  the  coal.  This  phase  of  the  sub¬ 
ject  might  well  furnish  a  fruitful  field  for  study. 

The  effect  of  clay  in  a  mortar  can  be  determined  from  the 
standpoint  of  density.  Assuming  that  the  clay  is  added  to  the 
mortar  in  a  very  finely  divided  condition  a  small  amount  is  apt  to 
increase  the  strength  of  a  lean  mortar,  say  1  :  3,  because  the  addi¬ 
tional  fine  material  is  needed  to  secure  density,  since  the  fine 
material  (cement)  is  only  one-third  of  the  sand.  On  the  other 
hand,  the  addition  of  a  clay  to  a  1  :  2  mortar  in  which  there  is 
already  present  a  fairly  large  proportion  of  fine  material  (cement) 
results  in  a  decrease  in  density  and  in  strength  because  of  a  sur¬ 
plus  of  fine  material.  The  clay  should  always  be  entirely  free 
from  vegetable  matter. 

The  amount  of  water  in  concrete  has  a  very  important  effect 
on  its  strength.  I  think  that  experimental  evidence  has  indicated 
that  the  large  amount  of  water  required  for  the  successful  oper¬ 
ation  of  the  chute  system  gives  a  concrete  of  less  strength  than 
one  in  which  the  water  used  is  only  sufficient  to  produce  a  quaking, 
jelly-like  consistency. 

Our  brief  and  incomplete  study  of  local  materials  and  the 
resulting  discussion  have  suggested  several  new  lines  of  investi¬ 
gation  which  it  is  expected  may  be  pursued  in  the  future.  We 
hope  in  making  this  further  study  to  receive  suggestions  from  en¬ 
gineers  and  contractors  regarding  problems  in  which  they  are  in¬ 
terested,  for  we  realize  that  their  active  co-operation  is  necessary 
for  the  success  of  such  work. 

Mr.  T.  J.  Wilkerson  :  We  simply  specify  that  Allegheny 
River  material  because  we  can  get  Allegheny  River  sand  freer  of 
coal.  That  is  one  of  the  principal  reasons.  Take  the  Ohio  River 
sand,  it  is  very  hard  to  get  that  free  of  coal,  and  the  Allegheny 
sand  when  it  is  washed  is  much  cleaner.  There  seems  to  be  a 
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slime  on  the  Ohio  River  sand  and  the  commercial  article  is  very 
hard  to  get  clean.  And  that  slime  injures  the  strength  because  it 
prevents  the  cement  from  adhering  to  the  gravel.  That  is  why 
we  specify  Allegheny  sand.  If  we  can  get  clean  Ohio  River  sand 
we  do  not  object  to  it. 

Mr.  W.  A.  Bliss:  The  using  of  the  term  “Allegheny  River 
sand  and  gravel”  in  specifications  in  the  Pittsburgh  territory  has, 
I  think,  gotten  to  be  a  habit  of  the  engineers,  as  a  matter  of  fact, 
owing  to  the  far  greater  percentage  of  local  river  sands  and 
gravels  being  dug  in  the  Ohio  River,  this  term  has  no  significance. 
Originally  it  was  used  to  distinguish  from  materials  dug  in  the 
Monongahela  or  upper  Ohio  River,  these  materials  containing 
considerable  coal,  also  to  distinguish  from  bank  sand.  About  80 
percent  of  the  local  river  sands  and  gravels  is  being  dug  in  the 
Ohio  River  below  Dam  No.  2.  This  is  a  clean  material  and  con¬ 
tains  little  or  no  coal.  The  lower  Allegheny  River  is  dug  out,  but 
during  the  winter  and  spring  when  the  dams  are  down  some 
diggers  operate  there.  This  is  the  reason  you  get  dirty  materials 
during  these  seasons,  as  redigging  has  never  proven  satisfactory, 
the  materials  which  wash  in  containing  too  much  foreign  matter. 
Diggers  operate  above  the  Brilliant  dam  at  all  seasons  and  the 
materials  are  always  good. 


THE  EFFECT  OF  THE  WAR 
UPON’  THE 

AMERICAN  CHEMICAL  INDUSTRIES 

By  J.  H.  James* 

W  hen  the  terrible  news  of  the  opening  of  a  general  European 
conflict  was  flashed  across  the  Atlantic  it  was  a  foregone  conclu¬ 
sion  that  there  would  be  a  widespread  disturbance  in  all  lines  of 
industry.  \\  ith  the  purchasers  of  American  raw  materials  and 
manufactured  products  closing  their  plants  and  their  workmen 
ordered  to  the  colors,  and  with  the  same  conditions  affecting  those 
manufacturers  upon  whom  we  have  had  to  depend  for  many 
products,  it  is  evident  that  both  export  trade  and  import  trade, 
with  all  the  industrial  activities  dependent  thereon,  would  experi- 
ence  unsettled  conditions  for  a  considerable  period. 

The  writer  is  one  of  those  old-fashioned  individuals  who  has 
always  believed  that  this  country  should  be  so  developed  indus¬ 
trially  that  every  manufactured  article  used  bv  her  people  should 
in  all  reasonable  cases  be  made  in  this  country ;  and  we  have  in 
the  situation  some  pretty  strong  arguments  for  the  correctness  of 
this  view.  Realizing  that  the  full  discussion  of  this  principle 
would  take  us  into  the  field  of  political  economics,  and  that  the 
fine-spun  theories  of  the  academicians  lead  to  conclusions  at  vari¬ 
ance  with  the  above,  we  would  hold  that  these  theorists  have  a 
vast  amount  of  food  for  reflection  in  the  conditions  now  facing 
certain  industries  in  this  country,  especially  if  this  horrible  con¬ 
flict  should  be  drawn  out  to  the  length  that  threatens. 

Passing  from  the  general  to  the  particular,  we  may  note  first 
the  effects  on  the  chemical  industries  that  will  probably  be  but 
temporary,  1.  e.,  which  will  gradually  disappear  when  peace  comes 
to  the  stricken  peoples  of  Europe.  One  group  of  products  affected 
that  belong  for  the  most  part  under  this  head  are  those  crude 
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semi-manufactured  or  manufactured  products  in  which  the  Amer¬ 
icans  have  had  the  control  through  the  possession  of  natural 
resources,  or,  what  is  more  rarely  the  case,  a  superior  process  of 
manufacture.  The  other  group  of  products  comprise  those  of 
foreign  growth  or  foreign  manufacture  which,  before  the  war, 
were  imported,  the  shipment  of  which  has  been  interdicted  by  the 
countries  concerned,  or  rendered  hazardous  or  impossible  by  the 
present  conditions  of  ocean  traffic. 

There  has  probably  been  no  more  concise  statement  of  the 
situation  concerning  exports  during  the  past  eight  or  nine  months 
than  the  editorial  appearing  in  the  review  number  of  the  Oil, 
Paint  and  Drug  Reporter  of  March  loth,  1915,  from  which  the 
following  summary  is  taken  : 

“At  no  time  since  the  Civil  War  has  there  been  such  a  general 
demoralization  of  domestic  and  foreign  trade  in  this  country  as  fol¬ 
lowed  the  outbreak  and  continuance  of  war  between  the  Continental 
countries  of  Europe,  which  opened  the  first  week  in  August.  Indeed, 
it  is  a  matter  of  speculative  interest  among  those  who  studied  the 
facts  as  they  have  developed  during  this  war,  and  the  conditions  as  they 
existed  during  the  Civil  War,  whether  the  present  situation  has  not 
in  many  respects  been  more  injurious  to  xUmerican  trade  than  were 
the  conditions  which  existed  for  a  part  of  the  time,  at  least,  during 
the  Civil  War.  During  the  great  war  of  a  half  century  ago  the  indus¬ 
tries  of  the  United  States  had  not  reached  anything  like  the  develop¬ 
ment  that  is  now  shown  throughout  practically  every  State  of  the 
Union,  but  the  manufacturing  industries  of  the  country  were  then 
chiefiy  located  in  the  Northern  States,  and  the  influences  of  the  war 
were  not  so  directly  brought  to  bear  upon  those  industries  as  they 
might  have  been  in  the  States  of  the  South  in  rebellion,  where  the 
blockade  of  Southern  ports  practically  cut  off  all  foreign  intercourse. 
To  some  extent,  that  was  true  in  the  ports  of  the  Northern  States, 
but  the  general  trade  of  the  country  between  the  Northern  States  and 
Europe  continued  with  the  besetting  dangers  of  hostile  attacks  on 
shipping  at  sea,  and  to  a  greater  or  less  extent  demoralized  the  inter- 
•national  trade  in  which  the  industries  of  the  Northern  States  were 
concerned. 

“With  respect  to  the  present  war,  the  almost  total  stoppage  of 
trade  between  the  United  States  and  most  of  the  countries  engaged 
in  the  war ;  the  high  rates  of  insurance  on  shipping ;  the  drastic  rules 
pertaining  to  contraband  and  conditional  contraband  enforced  by  the 
warring  powers;  the  seizure,  detention  and  other  interferences  with 
American  ships,  even  when  destined  to  neutral  ports,  and  other  effects 
of  the  war,  have  been  so  serious  that  for  a  time  these  conditions 
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threatened  the  most  serious  damage  to  practically  all  lines  of  indus¬ 
try  in  this  country  that  have  any  trade  in  the  over-ocean  business. 

Probably  the  first  effect  of  the  war,  apart  from  closing  the 
gates  of  trade  between  this  country  and  the  Continental  countries  of 
Europe,  was  in-  disclosing  the  utter  weakness  of  the  United  States  for 
want  of  an  over-ocean  merchant  marine.  The  international  trade  of 
this  country  has  been  conducted,  at  least  so  far  as  more  than  90  per¬ 
cent  of  it  is  concerned,  in  foreign  bottoms,  and  the  ships  of  Great 
Britain,  Germany,  J*  ranee  and  Austria  have  for  more  than  40  years 
carried  the  great  bulk  of  commodities  shipped  into  and  out  of  the 
ports  of  the  United  States. 


“With  these  great  nations  suddenly  projected  into  war  and  all 
the  avenues  of  international  trade  suddenly  stopped,  thousands  of 
ships  interned  in  different  ports  with  no  prospect  of  getting  them  out 
for  months  to  come,  the  conditions  with  respect  to  international  trade 
become  of  most  serious  nature.  It  then  was  suddenly  forced  upon 
the  various  departments  of  this  government  and  Congress  how  want¬ 
ing  in  statesmanlike  prudence  and  care  this  government  has  been 
through  all  these  years  in  not  providing,  by  some  means,  for  the  de¬ 
velopment  of  a  merchant  marine  with  facilities  to  carry  on  commerce 
between  the  ports  of  the  United  States  and  distant  foreign  ports. 


“It  was  not  altogether  the  matter  of  shipping  facilities,  however, 
that  brought  embarrassments  to  American  trade  and  commerce  imme¬ 
diately  upon  the  outbreak  of  the  war.  The  advanced  policies  early 
announced  by  the  warring  nations  with  respect  to  contraband,  which 
policies  have  been  extended  beyond  all  known  rules  of  international 
law  in  previous  great  wars,  have  had  the  effect  to  bring  greater  em¬ 
barrassment  and  demoralization  to  the  domestic  and  export  trade  of 
this  country.  The  preliminary  declarations  as  to  contraband  and  con¬ 
ditional  contraband  were  rather  broad  in  their  scope  and  affected 
many  lines  of  exports  from  the  United  States  and  imports  to  this 
country,  which  imports  were  requisite  to  the  successful  operation  of 
domestic  industries.  With  the  continuation  of  the  war,  however,  and 
the  tightening  of  the  lines  of  intercourse,  Great  Britain  has  from  time 
to  time  enlarged  both  the  contraband  and  conditional  contraband  lists 
until  it  has  affected  to  a  serious  extent  the  very  important  sales 
abroad  of  such  products  as  American  oils,  naval  stores,  copper,  and 
a  variety  of  other  commodities  which  -it  has  been  claimed  by  the 
British  Government  may  be  directly  or  indirectly  serviceable  to  the 

enemy  in  the  preparation  of  munitions  of  war  or  in  prosecuting  such 
war. 


“Probably  the  first  serious  injury  to  the  export  trade  and  con¬ 
sequent  demoralization  to  domestic  industry  was  the  cutting  off  of 
foreign  markets  from  the  export  of  raw  cotton.  This  result  followed 
the  early  understanding  that  raw  cotton  shipments  would  be  seized 
and  this,  coupled  with  the  fact  that  the  great  cotton  manufacturing 
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plants  in  Great  Britain,  Germany  and  France  were  in  no  position  to 
buy  and  utilize  cotton,  immediately  upon  the  war  breaking  out  the 
great  export  business  of  raw  cotton,  which  represents  more  than  75 
percent  of  the  great  raw  cotton  production  in  this  country,  imme¬ 
diately  fell  into  a  state  of  hopeless  demoralization  and  prices  dropped 
more  than  50  percent.  Throughout  the  dozen  States  of  the  South  the 
effect  of  such  a  calamity  was  serious  in  the  extreme.  For  the  first 

three  months  of  the  war  these  conditions  continued  to  exist,  prac¬ 
tically  shutting  off  the  cotton  export  trade  and  practically  preventing 
any  movement  of  raw  cotton  out  of  the  Southern  States.  The  first 
hopeful  condition  arising,  however,  as  affecting  this  industry,  was 
the  removal  of  the  embargo  upon  raw  cotton  shipments  even  into  the 
war  zone,  and  this  stimulated  raw  cotton  exports  to  some  extent. 

“The  situation,  however,  with  reference  to  naval  stores  and  cop¬ 
per  has  not  greatly  improved  since  the  war  began.  At  the  outbreak 
of  hostilities  these  articles  were  not  listed  in  all  the  contraband 
declarations  that  had  been  put  forth  by  the  warring  nations.  The 

same  is  true  with  reference  to  exports  of  oils,  although  fuel  oils 

originally  were  declared  to  be  contraband  under  certain  conditions. 

“Very  early,  however,  in  the  developments  of  the  war  it  came  to 
be  charged  by  the  British  Government  that  rosin,  turpentine,  sulphur 
and  kindred  articles  were  being  utilized  in  the  preparation  of  explo¬ 
sives  and  other  munitions  of  war  and  that  shipments  from  the  ports 
of  the  United  States,  even  to  neutral  ports  of  Europe,  were  ultimately 
destined  to  Germany  or  Austrian  fields  of  operations.  Even  before 
making  any  formal  declaration  including  these  articles  in  the  list  of 
absolute  contraband,  seizures  of  American  ships,  and  other  neutral 

ships  carrying  American  cargoes  of  these  stores  and  oils  were  made 
on  the  claims  by  the  captors  that  the  manifests  accompanying  these 
cargoes  were  not  clear  and  that  “to  order”  business  was  really  a  sub¬ 
terfuge  to  enable  such  products  to  reach  enemy  ports.  Similar  prac¬ 

tices  immediately  followed  in  the  matter  of  exports  of  raw  copper. 
Seizures  of  shins  to  the  number  of  probably  fifty,  a  half  of  which  were 
asserted  to  be  carrying  in  their  cargoes  raw  copper,  followed  in  all 
parts  of  the  European  fields,  and  the  result  was  that  insurance  risks 
rose  to  prohibitive  figures  and  transportation  rates  became  so  high 
as  practically  to  cut  off  all  trade  in  these  commodities  even  between 
neutral  countries  under  neutral  flags. 

“The  ultimate  result  of  all  this  controversy  over  naval  stores, 

oils,  copper  and  kindred  commodities  has  been  the  exchange  of  im¬ 
portant  notes  between  the  United  States  and  Great  Britain,  first  apply¬ 
ing  to  particular  seizures  and  then  a  later  general  statement  covering 
the  entire  matter  of  interference  with  ships  and  cargoes  in  the  trade 
between  neutral  countries.  At  this  writing  these  controversies  have 

not  yet  been  definitely  settled,  but  there  are  indications  of  probable 
salutary  improvements  along  many  lines.” 
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One  of  the  most  important  import  chemicals  affected  by  the 
war  is  that  of  the  potash  needed  for  our  fertilizer  and  certain 
chemical  industries.  As  is  well  known,  the  potash  mines  of  Stass- 

furt,  Germany,  furnish  the  only  large  scale  supply  of  potash  salts 
in  the  world. 


According  to  Mr.  Chas.  MacDowell,  of  the  Armour  Com¬ 
pany,  in  1912  these  mines  produced  11  164  000  tons  of  crude 
equivalent  to  about  1  100  000  tons  of  pure  potash  calculated  as  the 
oxide  K20.  Of  this  the  United  States  takes  from  245  000  to 
25J  000  tons,  our  fertilizer  industry  absorbing  235  000  to  240  000 
tons,  while  chemical  manufacturing  utilized  12  000  to  15  000  tons. 
From  August  1st  to  December  1st,  1914,  10  000  tons  of  potash 
were  imported,  as  against  80  000  tons  under  normal  conditions. 
The  embargo  placed  by  Germany  early  in  the  war  has  been  lifted 
ana  some  cargoes  have  been  allowed  to  proceed,  being  shipped 
from  neutral  ports. 


If  the  war  continues  through  the  coming  summer  and  the 
present  rate  of  shipment  is  not  exceeded,  both  the  fertilizer  and 
chemical  manufacturers  will  not  have  enough  potash  salts. 
Already  fertilizer  manufacturers  are  putting  but  2  to  3  percent 
potash  in  their  product,  refusing  to  produce  any  higher  grades. 
The  increase  of  sodium  nitrate  additions  to  soils  is  recommended 
since  the  residual  soda  facilitates  the  liberation  of  potash  orig- 
inally  in  the  insoluble  form  in  the  soil. 


In  this  crisis  it  w’ould  appear  that  some  of  the  more  easily 
developed  American  potash  sources  could  be  taken  up  with  profit. 
These,  while  not  great  in  the  aggregate,  omitting  the  cement  and 
kelp  possibilities,  nevertheless  if  developed  would  contribute 
something;  the  first  of  these  is  sugar  beetwaste,  from  which  .Mac¬ 
Dowell  estimates  a  possible  production  of  15  440  tons  of  pure 
potash,  and  the  second  undeveloped  source  is  that  of  wool  seour- 
ings,  from  which  he  estimates  a  production  of  nearly  5000  tons. 

In  the  manufacture  of  Portland  cement  there  is  in  many 
cases  volatilization  of  potash  to  an  amount  as  high  as  0.25  percent. 
Mr.  Richard  K.  Meade,  the  well-known  chemical  engineer,  who 
has  specialized  in  the  field  of  cement  manufacture,  informs  the 
writer  that  this  potash  reaches  a  total  equal  to  that  of  the  United 
States  requirements.  Although  this  is  yet  on  paper,  modifications 
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of  process  and  apparatus  having  still  to  be  worked  out,  the  success 
of  the  Cottrell  cement  dust  precipitation  and  potash  recovery  at 
the  Riverside  Cement  Works,  Riverside,  California,  is  certainly 
an  encouraging  feature  in  this  connection.  It  would  probably 
be  well  worth  while  to  study  the  use  of  the  higher  potash-bearing 
rocks  in  cement  manufacture. 

The  U.  S.  Geological  Survey  and  the  Department  of  Agri¬ 
culture  have  been  at  work  on  the  American  potash  problem  since 
1910,  particularly  with  reference  to  the  discovery  of  new  mineral 
sources.  An  enormous  amount  of  data  has  been  collected,  but  it 
is  the  writer’s  opinion  that  no  source  of  potash  has  been  found 
that  will  be  of  more  than  local  importance.  This  statement  will 
probably  hold  also  with  reference  to  the  Pacific  kelp  potash. 

Of  interest  in  connection  with  the  potash  problems  is  the 
possibility  that  other  European  countries  than  Germany  may 
become  producers  of  potash ;  Austria,  Spain  and  Alsace  are  said 
to  have  workable  deposits.  There  are  deposits  in  Peru,  which  are 
claimed  to  be  of  some  magnitude,  and  close  to  water  transporta¬ 
tion. 

An  important  export  mineral  has  been  our  phosphate  rock. 
The  Mining  and  Engineering  World  summarizes  the  effect  of  the 
war  on  this  industrv  as  follows : 

j 

“A  large  source  of  the  phosphate  for  fertilizer  for  Germany  has 
been  the  basic  slags  from  the  manufacture  of  steel.  Many  millions 
of  tons  of  Thomas  slag  or  ‘basic  meal’  have  been  utilized  annually  in 
Germany.  Owing  to  the  war,  the  steel  output  of  Germany,  according 
to  report,  has  been  reduced  from  about  16  000  000  tons  to  less  than 
half,  with  a  corresponding  decrease  in  the  product  of  slag  availabie 
for  fertilizer. 

“Presumably  the  agricultural  industry  of  Germany  will  this  year 
demand  as  much  or  more  phosphate  fertilizer  than  in  former  years, 
and  in  the  absence  of  any  imports  and  the  diminution  in  the  supply 
of  domestic  product  from  basic  slag,  the  stocks  on  hand  will  be  de¬ 
pleted,  and  the  soil  will  lack  the  usual  application  of  phosphate,  and 
will  hence  require  an  increased  amount  after  the  war  to  restore  it 
to  the  effective  condition,  which  has  been  such  a  factor  in  the  German 
agricultural  industry.  This  should  create  an  abnormal  demand  for 
American  phosphate  rock  after  the  war  for  German  needs,  which  will 
go  far  towards  recouping  the  present  losses  in  the  American  export 
trade. 
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“The  important  competitive  source  of  supply  for  phosphate  rock 
is  Northern  Africa  in  territory  now  controlled  by  France.  If  the 
French  control  cf  these  deposits  continues,  it  is  suggested  that  for  a 
time  the  German  market  will  give  preference  to  American  supplies, 
other  things  being  nearly  equal. 

“The  production  of  basic  slag  is  likely  to  decrease  relatively  in 
England  after  die  war,  as  the  British  iron  and  steel  trade  is  already 
planning  to  acquire  and  utilize  a  higher  grade  of  iron  ore  from  Brazil 
and  elsewhere  to  enable  effective  competition  with  Germany  in  the 
markets  of  the  world.  This  iron  supply  will  not  yield  as  much  basic 
slag  for  fertilizer  as  it  is  likely  to  be  lower  in  phosphorus  than  the 
home  supply  now  so  largely  used. 

“If  the  United  States  is  willing  and  desirous  of  continuing  the 
distressing  unwisdom  of  shipping  the  cream  of  its  wonderful  phos¬ 
phate  supply  to  Europe,  there  will  probably  be  a  much  increased  de¬ 
mand  for  the  material  and  at  higher  prices  for  several  years  after  the 
war.” 

Ur.  George  Otis  Smith  states  in  Bulletin  599  of  the  U.  S. 

o 

Geological  Survey  that  we  have  possible  domestic  supplies  of  all 
of  the  following  minerals  and  mineral  products,  which  have 
either  been  undeveloped  or  only  partially  developed :  Barytes, 
graphite,  flint,  magnesite,  fluorspar,  the  strontium  minerals, 
celestite  and  strontianite,  white  arsenic,  with  the  possibility  of 
adding  antimony  to  the  list. 

Dr.  Smith  notes  the  occurrence  of  numerous  deposits  of 
manganese  ores  in  the  United  States,  but  other  authorities  claim 
that  the  relief  of  the  present  shortage  of  manganese  alloys  for  the 
steel  industry  lies  in  the  importation  of  the  ore  from  Brazil,  and 
the  establishment  of  ferro  manganese  manufacture  here. 

The  outlook  for  domestic  magnesite  appears  brighter,  since 
the  California  product  can  be  brought  East  at  lower  rates  with 
the  opening  of  the  Panama  Canal.  It  is  claimed,  however,  that 
the  California  magnesite  does  not  carry  sufficient  iron  to  give  the 
best  results  in  the  manufacture  of  refractories. 

With  Germany,  England,  France  and  Belgium  having  prac¬ 
tically  ceased  as  producers  and  exporters  of  Portland  cement,  the 
American  manufacturer  is  finding  a  chance  now  to  secure  new 
markets  abroad,  particularly  in  South  and  Central  America.  In 
this,  as  in  other  lines  of  goods  for  the  South  American  trade,  it 
behooves  the  United  States  manufacturer  to  send  a  representa¬ 
tive  who  understands  the  language  and  customs  of  the  people 
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and  to  give  the  same  care  in  packing  the  goods  for  shipment  as 
was  done  by  those  European  countries  that  had  the  major  portion 
of  this  trade  at  the  outbreak  of  the  war. 

The  United  States  export  trade  in  cement  has  amounted  to 
only  5  percent  of  the  total  production,  while  that  of  France  was 
23  percent,  and  Germany  17  percent. 

It  looks  as  though  the  United  States  is  in  a  logical  position  to 
secure  this  foreign  trade,  when  we  consider  that  our  raw  mate¬ 
rials  for  this  industry  are  practically  inexhaustible,  and  that  it 
has  been  so  developed  here  that  instead  of  importing  the  major 
portion  of  our  requirements,  as  was  done  thirty  years  ago,  our 
imports  in  1913  represented  but  0.1  percent  of  the  domestic  pro¬ 
duction,  which  amounted  to  93  000  000  barrels. 

On  account  of  the  stoppage  of  foreign  imports  of  kaolin, 
some  Ohio  potters  have  found  a  way  to  use  domestic  clays,  and, 
it  is  said,  are  making  better  ware  than  before. 

According  to  Dr.  George  Otis  Smith,  of  the  U.  S.  Geological 
Survey,  a  process  of  decolorizing  kaolin  is  reported  as  successful, 
and  this  may  make  large  deposits  of  kaolin  and  ball  clay  available 
for  the  manufacture  of  white  ware  and  pottery. 

Quoting  further  from  Dr.  Smith’s  bulletin : 

“Of  the  abrasives  imported  into  this  country  last  year  to  the 
amount  of  $917  000,  all  could  be  replaced  with  domestic  products  ex¬ 
cept  the  diamond  dust  and  bort,  the  value  of  which  was  $100  000  in 
1913.  Already  the  domestic  output  of  both  natural  and  artificial  abra¬ 
sives  is  increasing  faster  than  the  imports,  and  the  manufacturers 
need  only  to  realize  the  abundance  of  tripoli,  diatomaceous  earth, 
pumice,  corundum,  and  emery  to  reduce  further  their  dependence  on 
foreign  supplies. 

“Several  medicinal  articles  of  which  petroleum  forms  a  large 
percentage  have  been  imported,  especially  a  very  carefully  refined  oil 
having  about  the  consistency  of  a  very  light  lubricating  oil.  This  has 
been  made  for  convenience  in  Baku,  Russia,  and  some  of  it  has  been 
manufactured  in  the  United  States  from  petroleum  distillates  im¬ 
ported  from  Russia,  and  has  been  sold  as  “alboline,”  “petroleum  oil,” 
etc.  The  working  up  of  the  trade  for  these  oils  on  the  basis  of  Rus¬ 
sian  raw  material  was  largely  a  matter  of  pure  chance,  but  not  of 
necessity,  inasmuch  as  oils  of  the  same  character  can  be  readily  pro¬ 
duced  from  American  petroleum,  and  in  fact  have  been  produced  in 
small  quantities  for  many  years.  Thus  vaseline  oil  is  a  by-product 
in  the  manufacture  of  vaseline,  and  has  been  used  for  the  same  medic- 
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inal  purposes  for  many  years.  There  is  no  other  product  of  petroleum 
manufactured  abroad  which  is  not  also  manufactured  in  the  United 
States.  Arrangements  have  been  completed  whereby  American  alboline 
will  be  on  the  United  States  market  in  quantity. 

“Natural  mineral  wax  (ozokerite)  has  been  imported,  for  the 
reason  that  its  melting  point  is  very  high,  and  although  the  parafin 

wax  from  petroleum  can  be  produced  with  this  high  melting  point,  the 
process  is  difficult  and  costly.  Ozokerite  occurs  in  considerable  quan¬ 
tities  in  Utah  in  the  region  of  Soldiers’  Summit,  and  has  been  pro¬ 
duced  there,  but  the  cost  of  extracting  it  from  low-grade  material, 
together  with  the  cost  of  transportation  to  the  market,  which  is 
chiefly  in  the  Eastern  States,  has  made  it  possible  for  the  foreign 
material,  which  comes  from  Galicia,  to  compete  with  it  successfully. 
The  domestic  ozokerite  should  now  replace  the  foreign  material.” 

In  the  field  of  rubber  manufacture  there  are  a  few  develop¬ 
ments  of  interest. 

The  British  Government  in  an  agreement  with  the  Rubber 
Club  of  America  agreed  under  certain  conditions  to  lift  the 
embargo  on  crude  rubber  exports  from  London.  This  has  sub¬ 
jected  American  rubber  manufacturers  to  some  severe  criticism 
from  the  Germans,  which  hardly  seems  well  founded,  as  Ger¬ 
many  would  under  similar  circumstances  undoubtedly  have  im¬ 
posed  similar  conditions. 

An  interesting  development  within  Germany  is  going  on 
which  is  of  great  interest  to  American  rubber  chemists.  \\  ith  the 
complete  shutting  off  of  crude  rubber  imports  into  Germany  the 
German  rubber  chemists  are  studying  strenuously  the  production 
of  all  possible  substitutes  for  genuine  rubber.  Knowing  the  re¬ 
sourcefulness  of  the  German  chemists,  it  is  not  at  all  improbable 
that  they  will  emerge  from  the  war  with  new  lines  of  manufac¬ 
ture  in  the  field  of  rubber  substitutes  that  will  be  commercialized 
permanently. 

In  the  same  connection,  the  German  chemists  are  turning 
their  attention  to  the  rubber  reclaiming  problem  as  they  have 
never  done  before,  since  Germany  has  always  been  a  big  importer 
of  reclaimed  rubber,  particularly  of  the  American  product.  1  he 
Imperial  Government  of  Germany  offers  a  cash  prize  of  $25  000 
to  the  inventor  of  a  satisfactory  process  of  reclaiming  rubber.  It 
looks  as  though  an  unexpected  result  of  the  war  on  America  will 


390  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 

be  a  decided  change  in  some  phases  of  the  rubber  industry  be¬ 
cause  of  this  activity  in  the  Fatherland. 

Of  particular  interest  to  Americans  at  this  time  is  the  very 
rapid  increase  in  the  demand  for  caustic  soda.  In  this  field  of 
manufacture  European  makers,  especially  the  English,  have  been 
heavy  producers.  With  Great  Britain’s  export  facilities  impaired, 
and  those  of  Germany  stopped  entirely,  our  manufacturers  have 
had  the  good  fortune  to  make  foreign  contracts  amounting  to 
about  50  000  tons  for  the  month  of  April.  France  has  become  a 
large  buyer,  and  the  foreign  market  has  extended  to  almost  every 
commercial  quarter  that  is  accessible,  and  inquiries  have  been  re¬ 
ported  lately  from  Great  Britain,  according  to  a  recent  number  of 
the  Oil,  Paint  and  Drug  Reporter.  Since  the  present  production 
of  United  States  plants  is  close  to  200  000  tons  and  the  domestic 
consumption  is  175  000  tons,  it  is  readily  seen  that  this  chemical 
will  advance  to  even  higher  levels.  American  chemists  have  rea¬ 
son  to  be  proud  of  the  electrochemical  development  in  this  par¬ 
ticular  held.  The  electrolytic  producers  will,  as  soon  as  they 
increase  their  output,  have  the  rather  serious  problem  of  dispos¬ 
ing  of  the  extra  bleaching  powder,  which  is  made  at  the  rate  of 
two  pounds  for  every  pound  of  soda.  This  condition  of  affairs 
should  serve  as  a  stimulus  for  all  those  new  industries  which 
might  be  started  if  we  had  a  supply  of  cheap  chlorine. 

The  present  prices  of  caustic  soda  are  certainly  in  marked 
contrast  to  those  of  two  years  ago,  when  the  bitter  competition 
resulting  from  an  over-production  due  to  the  increasing  output  of 
electrolytic  bleach  (with  caustic  as  a  by-product)  forced  the  price 
down  to  1.2c  per  lb.  for  the  76  percent  grade,  which  is  now  selling 
for  1.85c  to  domestic  consumers,  and  some  of  the  foreign  sales 
have  been  made  at  figures  as  high  as  3.5c  and  4-c. 

When  it  is  noted  that  plants  producing  caustic  soda  by  the 
old  process  will  require  nearly  six  months  to  build  additional 
units  and  have  them  producing,  the  coming  year  promises  to  be 
a  prosperous  one  for  those  manufacturers  who  are  now  in  a 
position  to  profit  by  the  prevailing  conditions.  Now  is  the  time 
we  are  obtaining  a  foothold  in  the  South  American  market 
(which  we  hear  so  much  about  in  other  lines),  and  we  are 
assured  by  the  editor  of  the  Oil,  Paint  and  Drug  Reporter  that 
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this  trade  is  developing  on  a  basis  to  encourage  confidence  in  its 
maintenance  against  the  restored  power  of  English  competition. 

In  the  field  of  natural  drugs  the  upset  of  normal  conditions 
as  to  production  and  transportation  brought  about  by  the  war 
have  caused  particular  hardships  to  the  American  drug  and 
chemical  manufacturer.  From  Russia  we  obtain  ergot,  anise  seed, 
cantharides,  isinglass,  lycopodium,  musk  root,  wormseed  and 
santonine.  From  Japan  come  our  supplies  of  menthol,  Japan 
wax,  agar-agar  and  camphor.  All  the  foregoing  have  advanced 
in  price,  in  some  cases  to  unusually  high  points.  When  Turkey 
entered  the  conflict  the  exports  of  opium,  gum  mastic  and  Turk¬ 
ish  tragacanth  ceased,  with  consequent  higher  prices  for  these 
products  that  are  held  in  this  country. 

However  important  the  above  disturbances  have  been,  it  is 
at  first  glance  a  singular  thing  that  it  has  not  been  the  shortage 
in  our  markets  of  any  of  the  above  items  or  sudden  demand  from 
new  quarters  abroad  for  our  products  that  has  attracted  the  atten¬ 
tion  of  the  “man  on  the  street”  to  the  chemical  industries  of  our 
country  in  the  present  crisis.  Good  people  whose  onlv  acquaint¬ 
ance  in  the  chemical  profession  had  been  the  prescription  clerk 
at  the  nearest  drug  store  all  at  once  awoke  to  the  fact  that  there 
are  men  of  technical  training  at  work  in  this  great  country  whose 
achievements  (or  at  least  those  of  his  professional  brethren  in 
Germany)  are  on  a  par  with  the  work  of  Edison,  Morse,  Marconi 
or  the  W  right  brothers.  It  is  to  be  feared,  in  this  new  scrutiny 
to  which  our  profession  is  today  being  subjected,  that  these  same 
good  people  have  been  getting  the  idea  that  the  American  chemist 
is  far  behind  his  European  brother  in  what  he  has  accomplished. 
It  was  with  the  intention  of  setting  the  public  right  in  the  mattei 
that  a  symposium  on  the  “Service  of  the  Chemist  to  American 
Industry”  was  held  at  the  Spring  Meeting  of  the  American  Chem¬ 
ical  Society  in  New  Orleans. 

The  cause  of  this  sudden  publicity  given  the  chemist  and 
his  work  was  the  imminent  shortage  made  by  the  war  in  the 
supply  of  the  synthetic  coal  tar  colors,  of  which  the  American 
textile  manufacturer  has  bought  about  F">  percent  abroad,  par¬ 
ticularly  in  Germany.  It  should  be  observed  here  that  the  Amer¬ 
ican  textile  manufacturers,  although  they  are  the  men  vitally 
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interested  in  having  at  all  times  an  adequate  supply  of  dyestuffs, 
have  consistently  held  back  from  any  real  support  of  the  Amer¬ 
ican  development  of  this  industry.  If  we  take  Lord  Moulton’s 
figure  than  on  an  average  $100  worth  of  finished  cloth  requires 
but  $1.00  worth  of  dyestuff,  it  is  absolutely  imperative  that  the 
$1.00  be  spent  in  order  to  have  the  cloth  finished  at  all,  as  it  is  of 
course  of  far  less  value  in  the  present  day  and  age  if  it  is  not 
dyed.  Although  of  such  vital  importance  to  the  textile  industry, 
it  never  seems  to  have  occurred  to  our  friends,  the  textile  manu¬ 
facturers,  that  a  crisis  like  the  present  could  ever  arise,  for  our 
industrial  history  plainly  shows  that  at  every  attempt  on  the  part 
of  American  chemical  manufacturers  to  secure  the  necessary 
•legislation  for  fostering  a  dyestuff  industry  here  the  purchasers 
of  dyestuffs  in  league  with  the  importers  have  thrown  their  influ¬ 
ence  against  the  movement.  Of  course  we  expect  to  find  the 
importers  opposing  all  such  legislation,  even  to  the  extent  to 
which  one  went  when  he  told  a  Congressional  committee — “it  is 
absolutely  useless  for  Americans  to  take  up  the  manufacture  of 
dyestuffs,  since  this  is  an  industry  for  which  only  the  Germans 
are  fitted  temperamentally.”  But  why  should  the  textile  manu¬ 
facturers  have  opposed  the  establishment  of  an  American  dye¬ 
stuff  industry  in  the  past  ?  Probably  because  there  was  no  thought 
of  such  a  situation  as  that  at  present  arising,  and  because  of  a 
belief  that  protective  legislation  sufficient  to  give  the  infant  a 
start  in  life  would  result  in  permanently  higher  prices  for  their 
dyestuff  requirements.  To  enter  into  a  complete  discussion  to 
controvert  the  latter  view  might  sound  too  much  like  the  standard 
campaign  arguments  so  often  advanced  by  a  certain  political 
party,  but  the  writer  thoroughly  believes  that,  when  the  state  of 
public  sentiment  in  this  country,  as  well  as  our  federal  laws,  are 
considered  with  reference  to  pools  and  trusts,  under  protection 
the  competition  between  our  own  manufacturers  would  prevent 
the  prices  on  “Made  in  America”  dyestuffs  from  reaching  even 
as  high  a  level  as  they  have  under  German  domination.  This,  of 
course,  refers  to  those  colors  on  which  the  patents  have  expired. 
As  far  as  the  colors  are  concerned  on  which  patents  still  hold,  if 
they  have  merit,  the  prices  will  be  higher  irrespective  of  tariff. 

We  all  remember  the  criticism,  direct  or  implied,  of  the 
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American  chemist,  made  by  the  newspapers  of  the  country  early 
in  the  autumn  of  1914,  which  was  particularly  strong  from  certain 
financial  and  trade  organs  in  New  York  City.  One  issue  of  a 
certain  trade  journal  issued  a  clarion  call  to  the  chemists  of  the 
country  to  rally  to  the  rescue  of  the  American  textile  industry — 
make  our  own  dyestuffs,  why  not,  are  not  the  American  chemists 
as  resourceful  as  those  of  Germany?  Professors  of  chemistry  all 
over  the  land  were  urged  to  come  forward  and  give  all  the  advice 
and  service  possible  (from  altruistic  considerations  entirely)  to 
help  create  over  night  an  American  dyestuff  industry. 

All  this  hysteria  is  calculated  to  provoke  a  broad  smile  on  the 
countenance  of  the  American  chemical  manufacturer  when  he 
compares  this  attitude  on  the  part  of  certain  interests  with  that 
which  they  have  taken  in  the  past  whenever  the  question  of  leg¬ 
islation  affecting  this  industry  came  up  for  consideration.  It  is 
well  to  note  in  this  connection  that  when  the  committee  of  the 
New  \ork  section  of  the  American  Chemical  Society,  which  was 
appointed  to  report  on  the  establishment  of  an  American  dyestuff 
industry,  called  upon  these  same  journals  for  suggestions,  we  find, 
quoting  from  the  report  in  which  the  committee  gave  its  conclu¬ 
sions,  “the  result  was  nil 

\\  hat  is  the  truth  in  all  this  ?  Has  the  American  chemist 
and  chemical  manufacturer  been  neglecting  his  opportunities 
when  we  find  this  country,  almost  sixty  years  after  the  discovery 
of  the  first  coal  tar  color,  manufacturing  barely  25  percent  of  the 
United  States  consumption?  If  nothing  else  of  importance  had 
been  developed  in  chemical  manufacturing  in  this  interval  we 
might  give  an  affirmative  answer  to  this  question. 

Let  us  look  at  the  facts :  1  he  total  American  consumption 

of  dyestuffs  for  1912,  according  to  Dr.  Bernhard  Hesse(1>  was 
in  round  numbers  $15  000  000,  of  which  between  20  and  25 
percent  was  made  in  this  country.  Quoting  from  an  article  by 
Dr.  Wm.  M.  Grosvenor,(:;>  on  “The  Relation  of  the  Manufacturer 
to  Our  Patent  System:”  “Last  year  (1912)  we  made  about 
90  million  dollars  worth  of  wood  pulp,  and  we  vulcanized  about 
93  million  dollars  worth  of  rubber,  made  10  million  dollars  worth 
of  aluminum,  0  millions  photographic  materials,  3  millions  of 

I1)  Journal  Ind.  &  Eng.  Chem.,  Apr..  191  !>. 

(2)  Journal  Ind.  &  Eng.  Chem.,  Aug.,  1913. 
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pyroxyline  plastics,  6  million  dollars  worth  of  oxide  matches, 
3  million  dollars  worth  of  calcium  carbide,  and  nobody  knows 
just  how  much  nickel  steel,  with  carborundum,  alundum,  Ache- 
son  graphite,  bakelite,  etc.,  climbing  up  to  join  the  procession. 
Instances  of  real  chemical  products  in  quantities  many  times 
$10  000  a  year,  made  under  patents  of  U.  S.  inventors,  could  be 
multiplied  almost  indefinitely.”  And  Dr.  Hesse,  in  his  New 
Orleans  address,  points  out  that  in  1913  the  United  States  im¬ 
ported  from  Germany  chemical  products  to  the  value  of 
$60  860  880,  and  exported  to  Germany  $156  036  000,  making  the 
balance  in  favor  of  the  United  States  $93  175  210. 

While  these  figures  may  encourage  us  in  our  search  for  the 
answer  to  the  above  question,  and  we  may  with  Grosvenor  and 
Hesse  snap  our  fingers  at  the  dyestuff  and  organic  chemical 
industry  because  we  have  so  many  bigger  things,  measured  in 
actual  money  value,  the  thought  still  lurks  in  our  minds  that  we 
should  not  be  so  easily  satisfied.  It  should  be  remembered  that 
the  products  of  our  American  chemical  industries  in  large  meas¬ 
ure  represent  crude,  semi-crude  and  finished  materials  of  simpler 
processes ;  in  many  cases  we  show  a  preponderance  in  output  be¬ 
cause  of  great  supplies*  of  certain  raw  materials,  and  the  prepara¬ 
tion  of  these  is  comparatively  simple  alongside  of  the  manufac¬ 
ture  of,  say,  any  single  dyestuff  or  a  synthetic  drug. 

Of  course,  the  industries  we  have  developed  should  have 
been  the  first  to  be  developed.  In  a  young  country  capital  will  be 
invested  in  those  enterprises  giving  the  quickest  and  surest  re¬ 
turns.  Is  it  not  true  that  with  the  capital  we  have  had,  for  the 
most  part  its  investment  has  been  in  the  direction  of  the  highest 
returns,  and  in  that  development  of  the  simpler  lines,  which  must 
come  first  ?  The  writer  ventures  the  opinion  that  the  investors  of 
this  country  have  usually  found  sufficient  avenues  for  profitable 
investment,  and  that  one  of  the  factors  that  has  not  been  noted 
in  the  situation  we  are  discussing  is  that  we  have  not  had  an  over¬ 
supply  of  capital.  Had  there  been  no  railroads  to  build,  no  iron 
mines  to  open  up,  no  steel  industry  to  develop,  no  public  utilities 
open  for  investment,  thirty  years  ago,  capital  would  have  sought 
out  this  dyestuff  industry,  and  we  would  have  seen  it  transplanted 
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(at  least  as  far  as  United  States  requirements  were  concerned)  to 
American  soil. 

As  to  the  present  situation:  There  is  little  doubt  that  there 
is  some  shortage  of  dyestuffs  and  other  organic  chemicals,  due  to 
the  fact  that  Germany’s  industrial  hands  are  tied  in  the  worst  war 
in  the  world’s  history,  and  this  shortage  will  become  more  acute 
the  longer  the  war  lasts.  Why  does  not  the  American  chemical 
manufacture  hasten  to  erect  plants,  engage  chemists  and  create 
an  industry  to  take  up  the  T A  percent  shortage  noted  above? 

1  here  are  a  number  of  factors  involved  in  the  answer  to  this 
question,  and  perhaps  some  of  the  findings  and  conclusions  of 
the  committee  of  the  New  ork  section  of  the  American  Chemical 
Society,  above  referred  to,  will  serve  to  crystallize  the  main 
issues : 

FINDINGS 

"Your  committee  finds  as  follows,  as  to  the  facts: 

1.  Prior  to  the  hostilities,  domestic  chemical  industry  was  util¬ 
izing  and  exploiting  every  reasonable  opportunity  to  its.  full  extent. 

2.  Since  the  outbreak  of  hostilities,  domestic  industry  has  in¬ 
creased  its  output  just  as  fast  as  physical  means  could  be  provided  and 
physical  obstacles  overcome. 

3.  Since  the  outbreak  of  hostilities,  domestic  plants  that  had 
theretofore  been  shut  down  or  parti}'  dismantled  because  of  disastrous 
foreign  competition  are  said  to  have  resumed  operations,  with  cau¬ 
tion. 

"4.  That  a  30  percent  duty  on  some  coal-tar  dyes  for  over  30 
}  ears  has  not  produced  a  real  coal-tar  dye  industry  in  this  country. 


CONCLUSIONS 


“Your  committee  submits  its  conclusions  as  follows: 

A.  To  prevent  the  unfair  underselling  alleged  to  be  practiced 
by  foreigners  in  this  country,  the  adoption  of  an  effective  anti-dump¬ 
ing  clause. 


L>.  The  so-called  coal-tar  ‘intermediates’  which  are  the  basis 
of  the  coal-tar  chemical  industry,  inclusive  of  explosives,  medicinals 
and  d} e  stuffs,  should  be  assessed  one-half  of  whatever  the  finished 
d}es  are  taxed  for  tariff  purposes;  all  coal-tar  dyes  without  exception 
should  be  taxed  alike,  namely,  30  percent  od  valorem  and  /’_•  cents 
per  pound  specific. 

C.  Changes  in  the  patent  laws,  such  as  compulsory  licensing  or 
compulsory  working  clauses,  are  wholly  ineffective,  do  more  harm  than 
good  and  should  not  be  attempted. 
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“Your  copimittee  recommends  that  this  report  be  submitted  to 
the  appropriate  committees  of  Congress.  Further,  that  this  report  be 
forwarded  to  interested  organizations.” 

The  writer  would  agree  to  all  of  the  above  conclusions  except 
that  relating  to  the  working  clause  in  connection  with  U.  S.  pat¬ 
ents  granted  foreigners.  Idle  committee  admits  that  tariff  ad¬ 
justments  alone  will  not  insure  the  establishment  of  the  industry, 
and  we  must  conclude  from  their  findings  that  a  suitable  tariff 
and  an  anti-dumping  clause  are  all  that  are  needed.  These  would, 
however,  aid  in  getting  the  industry  established  in  the  United 
States  only  on  dyes,  the  patents  on  which  have  expired.  It  should 
be  remembered,  that  if  there  ever  was  an  industry  that  develops 
from  research,  this  is  one,  and  our  German  friends  have  realized 
this  to  an  extent  that  should  cause  Americans  to  draw  a  very 
profitable  lesson  therefrom.  Anyone  at  all  familiar  with  dyestuff 
technology  knows  that  the  great  German  factories  are,  in  normal 
times,  adding  to  their  list  of  colors  almost  weekly.  Now  with 
their  highly  developed  research  organizations,  sustained  out  of 
their  working  funds,  they  are  not  making  these  new  colors  for 
the  fun  of  the  thing;  the  new  colors,  which  are  continually  com¬ 
ing  out  to  the  textile  trade,  are  either  better  or  cheaper,  and  fre¬ 
quently  both.  It  would  appear  that  the  tariff  and  anti-dumping 
clause  are  not  sufficient  to  properly  aid  in  the  creation  of  a  com¬ 
plete  American  dyestuff  industry. 

We  can  surely  make  an  approximate  forecast  by  looking  at 
our  past  history,  and  there  seems  no  escaping  the  conclusion  that 
inadvertently  this  country  has,  by  having  in  force  patent  laws 
that  were  incomplete,  permitted  the  Teuton  and  other  foreign 
patentees  the  protection  of  the  law,  with  no  return  whatever, 
unless  we  credit  the  account  with  the  small  governmental  fee. 
So  our  German  friends  have  not  been  slow  to  avail  themselves  of 
the  slowness  of  our  statesmen,  and  have  kept  up  the  merry  game 
for  over  forty  years  of  protecting  their  dyes  and  chemicals  in  the 
United  States  by  both  product  and  process  patents  and  dotting 
the  banks  of  Germany’s  rivers  with  factories  to  manufacture 
these  products  with  German  capital  and  German  labor,  the  whole 
working  for  the  prosperity  of  the  German  empire.  The  Yankee 
statesman  in  his  blindness  puts  up  a  tariff  wall.  It  is  certainly 
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evident  that  under  these  conditions  the  tariff  did  not  and  could 
not  aid  in  the  creation  of  an  American  industry ;  it  only  made  the 
cost  of  dyestuffs  higher  for  the  textile  manufacturer.  W  e  can 
surely  imagine  our  1  eutonic  cousins  laughing  in  their  sleeves  at 
this  deplorable  lack  of  foresight  shown  by  the  Yankees. 

Continuing  the  retrospect  a  moment  longer — we  have  re¬ 
ferred  to  the  part  that  the  amount  of  capital  available  for  invest¬ 
ment  determines  largely  the  breadth  of  a  country’s  industries. 
Many  will  remember  in  the  ’90’s  the  satisfaction  with  which  the 
announcement  was  greeted  that  English  and  Dutch  capitalists 
had  put  enormous  sums  into  American  railroad  securities.  If  we 
had  had  the  compulsory  working  clause  in  our  law  regarding  pat¬ 
ents  granted  foreigners,  i.  e.,  a  law  compelling  the  owner  of  a 
foreign  patent  to  manufacture  in  the  United  States  the  entire 
product  covered  by  the  patent  that  is  sold  in  the  markets  of  the 
United  States,  there  would  have  have  steadily  developing  in  this 
country  an  enormous  dye  and  chemical  industry.  The  fact  that 
this  development  would  have  been  brought  about  by  the  invest¬ 
ment  here  of  German  capital  is  all  the  more  an  argument,  for  we 
welcome  an  influx  of  investing  capital.  The  American  chemist 
knows  that  the  effect  of  the  establishment  of  profitable  chemical 
industries  here  would  have  resulted  long  ago  in  convincing  our 
American  investors  that  there  has  come  into  the  field  of  finance 
and  manufacturing  a  new  factor — a  factor  with  a  cash  value  that 
can  be  determined  almost  as  accurately  as  that  of  a  railroad  or  a 
trolley  line,  the  factor  of  intelligently  directed  scientific  research. 

The  effect  of  having  these  German  factories  in  the  United 
States  would  not  have  ended  merely  with  the  $G0  000  000  of 
chemicals  which  we  have  of  late  years  been  importing  annually 
from  that  country.  Xeeding  coal-tar  hydrocarbons,  these  plants 
would  in  securing  their  supplies  have  hastened  the  introduction 
of  by-product  installations  in  our  coke  industry.  Needing  large 
quantities  of  heavy  chemicals,  that  industry  in  turn  would  have 
received  a  stimulus.  All  this,  to  say  nothing  of  the  prosperity 
brought  about  by  the  importation  of  colonies  of  law-abiding, 
respectable  German  workmen  from  the  chemical  towns  of  Ger¬ 
many. 
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The  writer  would  argue  that  while  we  must  admit  that  for 
all  of  the  above  reasons  this  industry  has  failed  to  be  properly 
developed  here,  we  can  certainly  recover  some,  if  not  ultimately 
all,  of  the  lost  ground  if  we  adopt  proper  protective  and  patent 
legislation,  together  with  an  effective  anti-dumping  clause. 

The  need  for  an  anti -dumping  clause  shows  that  the  German 
is  as  keen  a  business  man  as  he  is  a  scientist.  The  struggling 
American  dyestuff  industry  has  really  done  little  more  than  work 
on  expired  patents.  The  German,  however,  could  make  it  worth 
while  for  the  American  dyestuff  manufacturer  to  purchase  “inter¬ 
mediates”  from  Germany,  since  all  lines  of  organic  chemical 
manufacture  are  far  better  organized  over  there.  Any  attempt 
on  the  part  of  an  American  firm  to  manufacture  “intermediates” 
is  met  by  shiploads  of  German  “intermediates”  dumped  on  this 
market  at  prices  which  everyone  knows  are  below  the  cost  of 
manufacture.  As  Dr.  Wm.  H.  Nichols  remarks  concerning  one 
attempt  of  this  kind :  “It  was  simply  dumped,  by  agreement,  to 
discourage  the  American  infant.  And  it  did.” 

The  need  for  suitable  legislation  in  this  connection  is  im¬ 
perative,  as  without  it  no  one  will  venture  on  this  uncertain  sea. 
Let  us  hope  that  out  of  all  this  discussion  will  come  a  better 
realization  by  the  public  of  the  work  of  the  chemist  and  his 
value  to  the  community ;  that  such  pressure  shall  be  brought  on 
Congress  as  will  result  in  such  changes  in  legislation  as  are 
evidently  required. 

Should  the  war  be  prolonged  to  the  extent  that,  legislation 
or  no  legislation,  some  one  in  the  United  States  would  have  to 
manufacture  dyestuffs — who  will  take  the  chance?  Dr.  Bern- 
hard  Hesse  pointed  out  with  unanswerable  logic  in  his  New 
Orleans  address  that  the  investors  here  should  be  the  textile 
manufacturers  themselves.  Although  the  cost  of  the  dyestuff  is 
a  very  small  proportion  of  the  cost  of  the  cloth,  yet  it  is,  as  has 
already  been  shown,  of  the  greatest  importance,  since  the  cloth 
would  have  little  or  no  sale  without  the  dye.  The  textile  manu¬ 
facturer  could  in  this  crisis  afford  to  pay  a  higher  figure  for  his 
colors  to  hold  the  market  for  his  cloth.  It  is  evident  that  the 
risk  of  embarking  in  this  industry  without  legislation  should  be 
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taken  b\  the  man  to  whom  the  supplies  of  colors  are  of  such 
importance. 


The  textile  manufacturer  might  with  profit  take  a  leaf  from 
the  history  of  our  American  glass  industry.  In  one  case  a  large 
glass  company  financed  a  company  for  the  manufacture  of  soda 
ash,  thereby  getting  the  necessary  supplies  of  soda  constantly  as 
needed,  and  of  course  at  cost.  In  another  instance  a  number  of 
glasb  manufacturers  organized  a  soda  ash  company,  each  indi- 

■vidual  subscribing  tor  stock  and  contracting  for  a  certain  percent 
of  the  output. 

Should  the  textile  manufacturers  follow  a  similar  scheme 
they  will  save  their  market,  and  we  shall  find  them  later  giving 
tariff  and  patent  legislation  united  support. 


The  increases  which  have  already  been  made  in  the  manu¬ 
facture  of  dyestuff's  in  this  country  since  the  war  started,  to¬ 
gether  with  an  unprecedented  demand  for  coal-tar  hydrocarbons 
for  the  manufacture  of  explosives,  have  brought  benzol  and 
toluol  to  unheard-of  levels  in  the  American  market.  We  feel  like 
rubbing  our  eyes  when  we  read  that  toluol  has  sold  for  as  high 
as  $16  per  gallon,  and  benzol  for  $1.50  per  gallon. 


It  is  in  this  connection  that  Dr.  Walter  F.  Rittmann’s  dis¬ 
covery  of  a  process  for  producing  benzol  and  toluol  by  cracking 
own  and  building  up  the  hydrocarbons  of  crude  petroleum  is 
ot  great  interest.  The  wonderful  demand  existing,  and  likely  to 
continue  perhaps  with  some  decrease  until  the  end  of  the  war. 
has  enabled  Dr.  Rittmann  to  secure  the  means  readily  to  have  his 
process  tried  out  on  a  large  scale,  and  construction  work  is  now 
under  way  in  a  plant  for  this  purpose  here  in  Pittsburgh,  under 
the  supervision  of  I)r.  Rittmann  and  other  officials  of  the  U  S 
Bureau  of  Mines. 

Additions  to  various  by-product  coke  plants,  in  the  shape  of 
benzol  washers  and  recovery  stills,  will  also  serve  soon  to  aid  in 
re  leving  the  shortage  of  these  two  hydrocarbons.  According  to 
some  of  the  newspapers,  one  would  be  led  to  believe  that  all 
these  by-product  companies  are  about  to  embark  in  the  manufac- 
ture  ot  dyestuffs  and  synthetic  drugs. 

1  o  the  mind  of  the  writer,  the  final  great  lesson  to  the  Amer¬ 
ican  people  brought  out  by  these  industrial  disturbances  will  be 
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that  of  the  value  to  industry  of  young  men  of  intelligence  and 
technical  training.  Just  as  we  shall  have  to  model  our  American 
dyestuff  industry  after  that  of  Germany,  may  we  well  model  our 
relations  of  the  scientist  to  industry  after  that  same  country.  In 
this  matter  should  we  feel  that  the  American  chemist  is  not  as 
resourceful  as  his  German  brother?  Quite  the  contrary.  As 
eminent  an  authority  as  Dr.  Wm.  H.  Walker,  of  the  Massachu¬ 
setts  Institute  of  Technology,  in  a  recent  editorial,  expresses  the 
belief  that  the  American  chemist’s  per  capita  production  in  re¬ 
search  is  greater  than  that  of  the  German.  But  with  her  won¬ 
derful  educational  system  Germany  has  available  for  the  develop¬ 
ment  of  her  industries  a  greater  number  of  trained  men  than 
any  other  country  in  the  world. 

It  is  no  disgrace  to  copy  good  ideas,  so  let  us  profit  by  the 
experience  and  example  of  that  most  wonderfully  organized  of 
modern  nations,  in  the  development  of  science  and  its  application 
to  industrial  needs,  in  the  hope  that  in  this  newer,  freer  Father- 
land  we  may  see  such  an  evolution  in  the  correlation  of  science 
and  industry  as  will  give  results  exceeding  the  wildest  dreams  of 
the  most  optimistic  industrialist. 


CORRESPONDENCE 

Mr.  James  O.  Handy:*  The  paper  of  Dr.  James  deals 
most  thoroughly  with  the  conditions  which  have  been  brought 
about  by  the  diminution  in  purchasing  power  of  European 
buyers,  difficulty  in  delivery  of  purchased  materials  en  route 
from  America  to  Europe,  and  the  shutting  off,  wholly  or  in  large 
degree,  of  shipments  of  many  materials  which  we  had  hitherto 
obtained  from  European  nations. 

The  discussion  is  confined  more  particularly  to  the  Amer¬ 
ican  chemical  industries,  due  credit  being  given  for  the  develop¬ 
ment  in  America  of  great  chemical  industries  like  the  Eastman 
Kodak  Company,  the  American  Corn  Products  Company,  the 
DuPont  Powder  Company,  the  wood  pulp  and  paper  industries, 
the  textile  industries,  the  electro-chemical  industries,  the  alkali 

♦Research  Director,  Pittsburgh  Testing  Laboratory,  Pittsburgh. 
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industry,  rubber  manufacture,  oil  refining,  copper  and  lead  refin¬ 
ing,  etc. 

in  most  of  these  lines  no  greater  advance  in  chemical  tech¬ 
nology  has  been  made  in  any  part  of  the  world. 

it  is,  nevertheless,  the  fact  that  we  have  not  taken  advan¬ 
tage  of  all  of  our  opportunities,  and  would-be  manufacturers 
have  been  hampered  by  the  patent  and  tariff  situation. 

Dr.  James  might  have  laid  even  more  emphasis  on  the  de¬ 
sirability  of  making  the  foreign  manufacturers  to  whom  U.  S. 
patents  are  issued  obliged  to  build  and  operate  in  this  country, 
or  forfeit  their  patent  right.  1  his  is  a  condition  already  enforced 
by  Canada,  and  it  has  resulted  in  very  large  growth  in  its  manu¬ 
facturing  industries.  1  he  regulation  is  usually  accompanied  by 
such  tariff  legislation  as  will  make  the  building  of  factories  in 
this  country  even  more  sure. 

\\  hen  the  world  is  at  last  a  great  co-operative  society  every¬ 
thing  will  be  manufactured  where  it  can  be  made  and  marketed 
most  cheaply.  As  long  as  the  world  resolves  itself  periodically 
into  armed  camps,  and  each  division  tries  to  shut  off  the  others’ 
supplies  of  materials,  it  behooves  both  the  militant  and  non- 
militant  nations  to  make  their  industrial  position  such  as  to  be 
satisfactory  even  in  time  of  war. 

Dr.  James  wisely  laid  emphasis  on  the  fact  that  we  are  not 
conserving  certain  of  our  raw  materials,  such  as  phosphate  rock, 
etc.,  but  are  hastily  mining  it  and  selling  it  at  low  prices. 

American  chemical  industries  will  doubtless  be  greatly 
stimulated  by  the  experience  through  which  they  are  now  pass- 

and  much  of  the  benefit  will  be  permanent. 

Dr.  James  appears  to  say  that  it  will  take  six  months  for 
soda  ash  manufacturers  to  begin  to  produce  caustic  soda.  Pos¬ 
sibly  his  reference  is  to  the  electrolytic  manufacture  of  caustic 
soda.  The  operation  of  making  sodium  hydrate  from  sodium 
carbonate  is  comparatively  simple. 

Ihe  suggestion  that  capital  has  been  unavailable  for  chemical 
industrial  development,  because  of  its  use  in  great  railroad  and 
mining  and  metallurgical  enterprises,  is  interesting,  and  sig¬ 
nificant  of  greater  development  hereafter  in  the  chemical  indus¬ 
tries. 
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The  idea  of  Dr.  Hesse,  that  the  textile  manufacturers,  who 
are  the  principal  consumers  of  aniline  dyes,  and  who  heretofore 
hindered  the  establishment  of  the  dye  industry  in  this  country, 
should  now  organize  and  conduct  dye  factories  here,  is  a  very 
proper  one. 

Dr.  Horace  C.  Porter:*  In  connection  with  the  discussion 
of  possible  sources  of  potash  in  the  United  States  I  believe  some 
mention  should  be  made  of  the  desert  basin  salines  in  California, 
such  as  Searles  Lake  and  Owens  Lake.  In  Searles  Lake  alone 
there  are  4  000  000  tons  of  potash  (calculated  as  K.,0 )  mixed 
with  larger  quantities  of  sodium  chloride  and  other  sodium  salts. 
Commercial  development  of  this  deposit  is  now  under  way. 
Whether  the  potash  can  be  economically  separated  remains  to  be 
seen.  The  Panama  route  will  reduce  the  difficulty  of  getting  the 
product  to  its  market  economically. 

Professor  James’  remarks  on  the  coal  tar  dyestuff  question 
are  timely  and  interesting.  Whether  patent  legislation  has  much 
to  do  with  the  development  of  an  artificial  dye  industry  in  this 
country  is  somewhat  doubtful.  The  prevailing  expert  opinion 
is  that  little  would  be  gained  now  by  patent  legislation  involving 
a  compulsory  working  clause.  It  is  authoritatively  stated  that  16 
percent  of  the  921  dyes  used  in  this  country,  including  practically 
all  of  the  most  important  ones,  have  for  a  number  of  years 
involved  no  American  patents  whatever  which  would  restrict 
their  manufacture  here.  Within  two  or  three  years  90  percent 
will  fall  in  this  category.  It  seems  evident,  therefore,  that  a  com¬ 
pulsory  working  clause  on  the  10  percent  which  are  patented 
would  not  compel  the  Germans  to  establish  their  manufacture  in 
this  country,  but  would  result  rather  in  their  giving  up  their 
American  patents.  As  long  as  they  retain  their  more  powerful 
commercial  weapon,  the  ability  to  undersell  the  American  pro¬ 
ducer  at  prices  which  he  cannot  meet,  they  do  not  need  our 
American  patents. 

If,  on  the  other  hand,  legislation  should  be  passed,  prevent¬ 
ing  this  practice  of  underselling,  would  we  then  need,  in  estab¬ 
lishing  a  dye  industry,  the  additional  aid  of  the  patents  working 
clause?  On  new  German  dyes  which  may  be  discovered  and  pat- 

♦Chemist,  U.  S.  Bureau  of  Mines,  Pittsburgh. 
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ented,  and  on  the  10  percent  of  the  old  ones  now  covered  by 
patents,  we  should  find  such  legislation  of  value.  But  it  would 
not  suffice  alone,  as  the  experience  of  France  and  England  has 
shown,  the  former  having  had  such  a  law  for  many  years  and 
the  latter  since  1907,  without  bringing  to  their  own  soil  any  im¬ 
portant  part  of  the  dye  industry.  We  can  go  ahead  and  make 
all  the  important  finished  dyes  (except  indigo)  and  all  the  impor¬ 
tant  intermediates,  such  as  aniline,  dimethyl-aniline,  magenta 
base,  etc.,  without  patent  restrictions.  Hence,  in  order  to  take 
care  of  our  immediate  needs  we  have  no  use  for  the  patent  legis¬ 
lation.  As  to  indigo,  it  may  be  noted,  certain  methods  of  manu¬ 
facture  are  open  to  the  public,  although  the  one  commonly  used 
is  protected  by  patents. 

Professor  James  has  stated  that  the  American  textile  manu¬ 
facturer  has  bought  about  75  percent  of  his  supply  of  dyes 
abroad.  He  could  make  this  stronger  and  say  “at  least  90  per¬ 
cent,”  since  out  of  the  $3  000  000  worth  of  dyes  reported  as 
manufactured  in  the  United  States  at  least  two-thirds  were  merely 
assembled  from  German-made  intermediates.  The  assembling 
in  most  cases  consists  in  such  simple  operations  as  adding  hydro¬ 
chloric  acid  to  magenta  base  to  make  magenta,  this  shrewd  little 
scheme  saving  the  dye  importers  15  to  20  percent  in  import  duties, 
since  the  intermediates  are  taxed  that  much  less  than  the  finished 
dyes. 

It  may  be  of  interest  to  call  attention  to  the  fact  that  Amer¬ 
ican  by-product  coke  ovens  are  expected  to  be  producing  before 
the  end  of  this  year  about  25  000  000  gallons  of  crude  benzol  or 
light  oil  annually — an  increase  of  over  150  percent  in  about  a 
year  caused  by  conditions  due  to  the  war.  The  amount  necessary 
to  make  all  the  dyes  and  refined  coal  tar  chemicals  (except  explo¬ 
sives)  used  in  the  United  States  is  not  over  5  000  000  gallons. 
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DISCUSSION 

Dr.  F.  T.  Ascii  man  :t  There  is  one  point,  perhaps  not  chem¬ 
ical  in  its  nature,  which  possibly  ought  to  be  brought  out  in  con¬ 
nection  with  this  matter.  I  was  talking  recently  with  a  manufac¬ 
turer’s  representative  who  formerly  imported  quite  a  number  of 
chemicals  from  Germany  and  other  countries.  He  said  it  was  not 
so  much  a  matter  of  our  producing  some  of  these  chemicals  as  it 
was  an  economic  question.  The  difficulty  is  to  get  a  trade  estab¬ 
lished  large  enough  to  pay  to  start  into  the  manufacture  of  the 
chemical.  For  instance,  a  certain  factory  produced  in  one  month 
enough  of  a  certain  chemical  to  supply  Germany  a  year.  The 
next  month  would  produce  enough  to  furnish  France  with  her 
quota.  The  following  month  would  produce  enough  for  Austria, 
and  so  on.  The  trouble  in  establishing  a  works  to  produce  this 
chemical  in  our  country  would  be  to  get  a  large  enough  world 
trade  to  keep  the  factory  busy  throughout  the  year.  This  is  a 
matter  entirely  outside  of  our  knowledge  of  producing  these 
things. 

Dr.  Charles  H.  Viol  :*  It  seems  to  me  that  there  will  be 
one  difficulty  in  starting  up  a  trade  with  South  America.  The 
United  States  produces  enormous  quantities  of  raw  materials  and 
unfinished  products.  England  and  Germany,  having  considerably 
smaller  natural  resources,  must  take  raw  materials  from  else¬ 
where,  and  after  having  put  them  into  finished  form  are  able  to 
do  business  with  South  America,  giving  finished  products  in 
return  for  the  raw  materials,  foodstuffs,  etc.  The  materials  that 
South  America  can  export  are  in  a  large  measure  the  materials 
that  we  have,  so  that  we  could  hardly  establish  a  favorable  bal¬ 
ance  doing  business  with  South  America.  But  Europe  will  take 
our  grain,  copper  and  raw  products  and  return  us  refined  ma¬ 
terials. 

But  we  are  not  helpless  by  any  means,  and  it  is  possible  for 
American  industry  to  take  from  Europe  the  supremacy  that 

tConsulting  Chemist,  McCance  Block,  Pittsburgh. 
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Europe  lias  enjoyed.  Take  the  instance  of  radium,  of  which  1 
can  speak  from  personal  experience.  Radium  was  tor  a  long 
time  an  European  product.  Europe  had  the  first  chance  to 
develop  radium  production,  and  quite  naturally  the  uses  of 
radium  were  first  developed  there,  so  that  it  seemed  as  though 
Europe  had  a  monopoly  on  radium,  both  as  regards  production 
and  use.  We  have  found,  however,  that  Colorado  and  Utah  have 
the  most  important  deposits  of  radium  ore  in  the  world,  and  now, 
in  spite  of  Europe,  radium  is  being  produced  here.  Last  year 
about  80  percent  of  the  world’s  radium  was  turned  out  in  Pitts¬ 
burgh.  It  has  been  a  hard  fight  to  get  ahead  of  the  European 
producers  with  their  established  market,  and  since  Europe  has 
been  the  big  market  for  radium  the  war  has  interfered  seriously 
with  this  industry. 

In  other  industries  where  we  are  dependent  upon  Europe  the 
difficulty  is  as  great,  since  we  cannot  import  the  products.  I  his 
results  in  a  great  many  temporary  readjustments.  After  the  war 
Europe  will  try  to  take  up  matters  where  they  left  oft  in  1914, 
and  we  will  have  competition  again  in  the  world  markets. 

It  seems  to  me  that  one  of  the  most  important  things  that 
the  war  by  its  effects  on  chemical  industries  has  brought  out 
clearly  is  the  point  which  Professor  Janies  has  brought  out  in 
his  paper — that  is,  the  necessity  for  trained  men  to  do  the  work 
and  the  importance  of  research  in  our  chemical  industries.  It  is 
in  this  respect  that  Germany  has  had  the  advantage  over  us,  since 
there  they  have  appreciated  the  value  of  trained  men  and  of 
research.  A  notable  example  of  a  chemical  research  laboratory 
in  America  is  the  one  maintained  by  the  General  Electric  Com¬ 
pany.  Such  a  laboratory  would  not  be  maintained  by  a  corpora¬ 
tion  unless  it  was  clear  that  there  was  greater  profit  to  be  gained 
because  of  the  work  of  the  laboratory.  What  America  needs  is  a 
better  understanding  of  the  value  of  research  and  scientific  con¬ 
trol,  and  in  those  industries  where  chemical  research  and  control 
play  a  large  part  we  can  only  hope  to  get  ahead  of  the  Germans 
by  adopting  their  methods  and  using  them  on  a  larger  scale. 

Professor  Janies  has  given  a  good  resume  of  the  conse¬ 
quences  of  the  war  on  our  chemical  industries.  The  subject  is 
so  comprehensive  that  it  is  not  possible  in  a  brief  time  to  follow 
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out  in  detail  the  economic,  industrial,  political  and  other  phases 
of  the  subject,  which  all  merit  a  careful  study.  One  thing  is 
certain,  we  are  put  to  serious  inconveniences  by  reason  of  the 
war.  We  now  see  our  shortcomings  more  clearly,  and  it  is  left 
to  use  to  correct  them  if  we  desire  to  make  further  headway. 

Mr.  H.  P.  Darlington  :*  Professor  James’  paper  is  very 
complete,  and  no  doubt  a  valuable  contribution  to  the  American 
chemical  manufacturer. 

By  reason  of  working  within  restricted  lines  in  the  wide 
field  of  chemistry,  I  venture  to  say  that  very  few  chemists 
have  had  the  opportunity  and  ability  to  thoroughly  look  into 
this  subject,  with  proper  perspective.  This  makes  the  paper 
all  the  more  valuable,  to  the  average  chemist. 

The  company  with  which  I  am  connected,  has  been  de¬ 
voting  its  efforts  in  the  past,  to  the  crude  and  heavy  chem¬ 
icals  :  Sulphuric,  muriatic,  nitric,  and  other  heavy  acids,  alka¬ 
lies,  alums,  etc.,  and  because  of  the  effort  necessary  to  keep 
in  touch  with  this  field  of  activity,  I  must  confess  that  I  am 
not  capable  of  criticizing  the  paper. 

However,  personally,  I  feel  that  the  chemical  industry  in 
the  United  States,  can,  and  will  meet  all  demands  that  will 
be  made  upon  it,  and  with  one  or  two  exceptions,  produce  that 
which  was  formerly  made  abroad. 

Furthermore,  I  feel  sure,  within  a  very  short  time,  that 
we  will  be  able  to  improve  upon  the  manufacture  of  the  var¬ 
ious  foreign  products,  because  when  we  have  taken  up  an 
activity  that  originated  abroad,  we  have  always  carried  it  to 
ends  which  the  European  originators  never  dreamed;  auto¬ 
mobile  manufacture,  electric  lines,  and  others,  are  examples 
of  this,  and  I  see  no  reason  why  this  cannot  be  repeated  in  the 
American  chemical  industry. 

Dr.  Francis  C.  Phillips:*  One  thing  is  certainly  true: 
We  are  not  likely  to  have  extensive  industries  built  up  merely  to 
help  out  during  the  war.  After  the  war  conditions  will  soon  be 
normal  again. 

♦Metallurgist,  Pennsylvania  Salt  Mfg.  Co.,  Natrona,  Pa. 

♦Professor  of  Chemistry,  University  of  Pittsburgh,  Pittsburgh. 
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Several  years  ago  a  plant  was  erected  in  Allegheny  for 
the  production  of  various  fine  chemical  compounds  from  coal 
tar.  A  collection  of  benzine  derivatives  in  great  variety  was 
exhibited  there.  A  year  later,  however,  the  plans  were  com¬ 
pletely  changed  and  instead  of  making  fine  chemicals  they 
were  utilizing  tar  for  the  making  of  tar  paper.  There  was 
more  profit  in  tar  paper  than  in  fine  chemicals  and  dyes.  The 
failure  to  produce  the  finer  grades  of  chemical  material  in 
this  country  is  no  indication  of  lack  of  progressiveness  on  the 
part  of  manufacturers  as  the  question  is  wholly  one  of  dollars 
and  cents.  We  can  discuss  in  an  academic  way  what  ought 
to  be  done  by  the  manufacturer  but  he  follows  the  plan  which 
will  pay  the  best. 

There  are  two  aspects  of  the  question  which  have  to  be 
considered.  We  have  certain  resources  in  this  country  which 
are  inexhaustible,  such  as  the  granite  sands  in  many  parts  of 
the  desert  regions  which  will  prove  at  some  time  a  great 
source  of  potash.  But  the  question  of  conservation  here  is 
hardly  being  considered.  The  same  is  true  of  the  utilization 
of  atmospheric  air  for  the  production  of  nitrogen  compounds. 
If  conservation  is  necessary  here  it  can  be  well  discussed  in 
scientific  meetings. 

In  the  case,  however,  of  natural  gas  which  is  being  wasted 
to  the  disadvantage  of  industries,  and  phosphate  rock  which 
is  being  shipped  abroad  to  the  disadvantage  of  agriculture  at 
home,  and  many  others,  property  rights  vested  in  individuals 
or  groups  of  individuals  prevent  any  possibility  of  proper  con¬ 
servation  and  scientific  discussion  may  go  on  without  effect. 

In  all  such  cases  there  is  great  need  of  closer  co-operation 
between  the  manufacturer  and  the  chemist  and  every  step  in 
the  direction  of  such  co-operation  must  bring  better  results 
and  greater  economies  in  industry. 

Dr.  K.  F.  Stahl:*  Before  entering  into  a  discussion  of  Dr. 
James’  paper  I  wish  to  say  a  few  words  on  a  subject  just  men¬ 
tioned  by  Dr.  \  iol,  and  which  applies  to  other  manufacturing 
plants  and  railroads  as  well  as  to  chemical  works.  In  this  country 
the  manager  or  head  of  a  manufacturing  concern  is  usually’  a 
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commercial  man.  In  course  of  time  he  may  acquire  some  knowl¬ 
edge  of  the  technical  part  of  his  business.  But  this  knowledge 
will  in  most  cases  he  limited  and  one-sided.  In  Germany,  and 
probably  some  other  European  countries,  the  heads  of  manufac¬ 
turing  concerns  are  men  with  technical  training.  This  enables 
them  to  grasp  any  chance  for  progress  and  improvement  quicker 
than  a  man  with  commercial  or  legal  knowledge,  because  the 
latter  has  to  get  the  information  from  the  engineer  or  chemist 
under  him  and  may  or  may  not  understand  it  fully.  There  are 
exceptions  in  this  country  in  manufacturing  concerns  as  well  as 
in  railroads,  but  they  represent  only  a  small  part  of  the  total.  A 
year  or  two  ago  an  engineer,  who,  judging  from  his  name,  was 
an  Italian,  published  an  article  in  one  of  our  technical  papers  on 
this  subject.  It  has  not  helped  much,  but  such  changes  take  time. 

Dr.  James’  excellent  paper  covered  the  subject  so  well  that 
little  remains  to  be  said.  In  comparing  prices  of  chemicals  for 
May,  1914,  and  May,  1915,  the  most  striking  increase  is  in  coal 
tar  products,  some  of  them  having  increased  tenfold.  Next  are 
potash  compounds,  some  of  which  now  cost  five  times  as  much 
as  a  year  ago.  The  reason  for  these  increases  is  well  understood, 
but  with  others  the  reasons  are  not  so  plain ;  for  instance, 
amylacetate  has  gone  up  from  $1.60  to  $2.10  a  gallon.  The  com¬ 
ponents  of  this  substance  are  produced  in  this  country  The 
price  of  ether  has  dropped  from  18  to  24c  per  lb.  to  15  to  20c. 
Oxalic  acid  has  risen  from  1  j/±c  to  19c  per  lb.  Acetate  of  lime 
was  quoted  a  year  ago  at  $1.50  and  is  now  $2.50  for  100  lb.,  while 
acetone,  made  from  it,  has  gone  up  from  10j4c  to  20c  per  lb. 
The  mineral  acids  and  so-called  “heavy  chemicals”  have  not 
changed  so  much,  except  nitric  acid,  which  has  almost  doubled  in 
price.  The  nitrates,  except  sodium  nitrate,  have  also  gone  up ; 
for  instance,  barium  nitrate  from  5c  to  16c  per  lb. 

Lithium  carbonate  from  65c  to  $1.00  per  lb.  The  reason  for 
this  is  not  clear,  as  the  United  States'produce  large  quantities  of 
lithium  salts. 

Phosphorus  has  fallen  from  45c  to  $1.00  per  lb.  to  55  to  95c. 

Sodium  chlorate  has  gone  up  from  IJ^c  t°  16c  per  lb. 

Ceresine,  which  is  made  from  ozokerite,  imported  chiefly 
from  Galicia,  fell  from  12c  to  10c  per  lb. 
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Among  the  metals  antimony  has  experienced  the  largest 
increase  in  price,  from  Tc  to  28-38c  per  lb.  You  will  remember 
I)r.  James  quoting  Dr.  Geo.  O.  Smith  that  the  domestic  supply 
of  antimony  was  possibly  sufficient  for  our  needs. 

Aluminum  has  experienced  an  advance  of  about  10  percent, 
from  lTJJc  to  19c. 

Copper,  in  spite  of  the  embargo,  has  gone  up  from  1  1c  to 
1T-I8c  per  lb.,  while  nickel  has  declined  from  50c  to  42c. 

1  in,  which  sold  at  all  prices  after  the  outbreak  of  the  war, 
is  now  about  41c,  against  3(>c  a  vear  ago. 


\  ery  unfortunate  for  the  galvanizing  plants  of  our  district 
is  the  large  rise  in  the  price  of  zinc  (spelter),  which  has  gone  up 
from  $5.20  to  $14  per  100  lb.  Tjie  present  price  in  Germany 
for  refined  Silesian  zinc  is  58  marks  per  100  kilo,  which  is  equal 
to  $0.20  for  100  lb. 


Coming  back  to  the  paper  of  the  evening,  Dr.  James  men¬ 
tioned  the  enormous  development  of  our  cement  industry.  This 
country  seems  particularly  well  adapted  for  the  manufacture  of 
cement,  because  we  have  the  raw  materials  in  abundance;  fuel, 
which  is  a  large  item  of  cost,  is  cheap,  and  American  ingenuity 
has  produced  excellent  machinery.  There  should  be  no  trouble 
to  get  all  the  South  American  and  Asiatic  cement  trade. 


Dr.  James  quoted  the  remark  made  by  an  importer  to  the 
Congressional  committee,  that  “for  the  dyestuff  industry  only  the 
Germans  are  fitted  temperamentally.”  If  you  replace  the  word 
“only”  by  the  word  “particularly”  I  think  he  is  right.  This  indus¬ 
try  works  for  most  of  its  products  with  small  quantities,  and  the 
achievement  of  results  requires  tedious  work.  There  are  said  to 
be  about  900  different  dyes  on  the  market.  Some  of  the  dyes 
have  to  go  through  half  a  dozen  or  more  intermediate  processes, 
into  which  other  intermediate  products  enter  before  they  are 
finished.  While  we  Americans  perfer  to  work  with  large  quanti¬ 
ties  and  expect  quick  results.  Labor,  salaries  and  the  general  cost 
of  carrying  on  a  business  are  higher  in  this  countrv,  but  these 
differences  could  be  equalized  by  the  tariff.  I  do  not  want  to  be 
understood  to  say  that  we  should  not  try  to  extend  our  tar 
products  industry,  but  I  wish  to  point  out  the  difficulties,  which 
are  little  understood,  while  the  chemist  gets  all  the  blame. 
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It  may  be  noted  that  the  first  violet  coal  tar  colors  were 
made  in  England.  Then  came  France  with  a  red  color.  There 
has  been  in  both  countries  a  dyestuff  industry  ever  since  their 
first  discovery,  but  both  states  produce  at  present  only  a  part  of 
their  requirements.  While  the  members  of  the  Congress  of 
Applied  Chemistry  were  in  Pittsburgh  on  their  excursion  a  pro¬ 
fessor  of  an  English  university  told  me:  “It  is  pathetic  to  think 
that  the  organic  color  industry,  which  started  in  England,  has 
almost  completely  slipped  away  from  us.”  There  is  a  large  fac¬ 
tory  for  coal  tar  products  in  Basle,  Switzerland,  where  the 
population  is  German  in  character.  The  Swiss  also  had,  until  a 
few  years  ago,  the  advantage  that  chemical  processes  could  not 
be  patented  in  Switzerland. 

Dr.  James  mentioned  that  the  establishment  of  a  dyestuff 
industry,  or  rather  the  extension  of  the  present  industry,  in  this 
country  would  bring  about  an  importation  of  desirable  German 
workmen,  but  he  does  not  take  into  account  the  contract  labor 
law.  This  latter  law  has,  no  doubt,  retarded  the  development  of 
some  industries,  although  it  may  have  helped  the  unions.  It  is 
only  permissible  to  import  workmen  if  it  can  be  proven  to  the 
satisfaction  of  the  proper  authorities  that  it  is  impossible  to  get 
men  for  that  particular  work  in  this  country.  This  is  usually 
hard  to  prove,  and  very  rarely  such  workmen  are  allowed  to  land. 
No  doubt  abuses  existed  before  we  had  the  contract  labor  law, 
but  a  more  liberal  interpretation  of  the  present  law  would  help 
some  industries  and  in  the  end  even  the  workmen  of  this  country. 

Dr.  James  says  the  German  chemical  manufacturer  is  as 
good  a  business  man  as  he  is  a  scientist.  It  is  my  opinion  that 
he  has  learned  from  the  Americans.  A  number  of  years  ago, 
when  the  Germans  commenced  to  manufacture  sewing  machines, 
you  could  buy  a  Singer  sewing  machine  in  Germany  for  probably 
half  what  it  cost  in  this  country.  The  object  was  to  discourage 
the  development  of  the  German  sewing  machine  industry.  In  our 
home  markets  the  Standard  Oil  Company  has  practiced  “dump¬ 
ing”  in  many  cases.  This  is  no  excuse  or  defense  for  the 
obnoxious  practice,  which  seems  difficult  to  stop  whether  it  is 
done  by  an  American  or  foreign  concern. 


DISCUSSION - THE  AMERICAN  CHEMICAL  INDUSTRY 


411 


In  speaking  of  the  rubber  industry  Dr.  Janies  did  not  men¬ 
tion  the  synthetic  rubber,  which  was  produced  in  Germany  on  a 
small  scale  a  few  years  ago,  but  abandoned  as  too  expensive.  It 
would  be  interesting  to  know  whether  it  has  been  taken  up  again. 

Prof.  J.  H.  James:  I  think  the  synthetic  rubber  has  not 
been  taken  up  again.  The  newspapers  report  that  it  has  been, 
but  it  has  not  been  mentioned  in  the  technical  journals  at  all. 
They  are  confining  their  attention  to  rubber  substitutes. 

Dr.  \V.  O.  Snelling:*  Professor  James  has  given  a  very 
able  review  of  many  of  the  effects  of  the  war,  and  I  feel  that 
in  most  cases  his  conclusions  are  fully  justified.  There  are  a 
few  points,  however,  in  regard  to  which  I  feel  that  too  great 
optimism  has  been  shown,  and  I  am  inclined  to  believed  that  it 
would  be  well  to  proceed  along  some  of  the  new  lines  suggested 
with  extreme  caution. 

Soon  after  the  outbreak  of  the  war,  I  had  occasion  to 
assist  several  companies  in  connection  with  insuring  the  con¬ 
tinued  supply  of  chemicals  required  in  their  work,  and  this 
involved  my  undertaking  a  rather  considerable  investigation 
of  the  conditions  existing  in  connection  with  potash,  strontium 
nitrate,  dye  stuffs  and  a  number  of  miscellaneous  chemicals. 

It  is  my  belief  that  conditions  in  this  country  are  not  in 
any  way  suited  to  the  upbuilding,  at  the  present  time,  of  a 
dye-stuff  industry.  I  believe  the  conclusions  which  have  been 
so  ably  stated  by  Dr.  Hesse  in  one  of  his  recent  papers, 
should  be  given  very  great  weight.  Notwithstanding  that 
the  value  of  the  dye  materials  used  in  this  country  reach  a 
rather  imposing  total,  this  total  is  made  up  of  such  a  large 
number  of  dyes  that  the  actual  value  represented  by  any  par¬ 
ticular  dye  is  quite  small.  These  dyes  are  made  by  quite  in¬ 
tricate  chemical  syntheses,  and  the  cost  of  the  expert  chemical 
supervision  which  is  required  would  be  very  much  higher  in 
this  country  than  it  is  abroad,  because  of  the  much  higher 
compensation  which  would  have  to  be  paid  to  chemists 
capable  of  superintending  such  work.  Even  if  there  were 
no  cause  to  fear  “dumping”  of  dyes  or  intermediates  from 
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abroad,  I  would  still  feel  inclined  toward  the  view  that  in¬ 
creased  American  manufacture  of  dye-stuffs  would  be  ex¬ 
tremely  hazardous.  To  parties  who  have  been  interested  in 
connection  with  dyes,  and  who  have  considered  in  a  prelim¬ 
inary  way  their  manufacture  in  this  country,  I  have  reported 
that  except  in  the  case  of  a  few  of  the  common  or  ^staple” 
dyes,  the  industry  offers  but  little  encouragement  to  the 
American  chemist,  and  that  it  would  be  far  wiser  to  keep  out 
of  a  held  which  promises  so  little  reward,  and  in  which  the 
risk  of  loss  is  so  great. 

The  greatest  need  of  the  American  chemical  industry  is 
unquestionably  intelligent  tariff  revision.  I  believe  that  this 
is  by  far  the  most  important  of  all  the  varying  factors  which 
must  be  considered  in  the  upbuilding  of  a  great  chemical  in¬ 
dustry  in  this  country.  Up  to  now  our  legislators  have 
seemed  strangely  blind  to  the  needs  of  the  country  in  this 
respect,  and  under  the  conditions  which  today  exist  capital 
moves  but  slowly  into  chemical  enterprises. 

It  is  to  be  hoped  that  the  lessons  which  the  war  has  taught 
us  will  sink  deep  into  the  minds  of  our  national  lawmakers,  and 
that  one  result  of  the  great  conflict  that  is  now  going  on  abroad 
will  be  a  better  understanding  of  the  real  needs  of  this  country 
in  regard  to  the  development  of  its  boundless  natural  resources. 

Prof.  J.  H.  James:  It  is  too  late  to  go  into  all  the  matters 
in  detail  that  have  been  raised.  I  would  like  to  sum  it  all  up  by 
repeating  one  of  the  statements  of  my  paper,  that  I  believe  the 
proper  thing  for  the  United  States  is  to  become  a  self-contained 
nation,  and  the  proposition  is  how  best  to  do  that.  It  seems  to 
me  that  one  of  the  main  things  at  the  present  time  is  the  protec¬ 
tion  of  our  chemical  manufacturers  by  a  proper  tariff  and  the 
taking  of  the  tariff  out  of  the  hands  of  the  politicians.  The  tariff 
ought  to  be  in  the  hands  of  a  non-partisan  commission,  so  that 
investors  would  have  an  assurance  that  a  tariff  once  fixed  would 
not  be  subject  to  change  or  removal  in  four  years,  which  would 
throw  things  into  a  hazardous  condition.  We  do  need  protection. 
Industries  having  foreign  competition  cannot  be  developed  with¬ 
out  it.  And  if  the  tariff  were  controlled  in  that  way  it  would  go 
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a  long  way  toward  assuring  the  development  of  a  number  of  these 
minor  industries.  I  admit  they  are  minor,  but  they  are  profitable, 
and  competition  within  the  United  States  would,  I  believe,  shortly 
bring  prices  down  to  the  level  of  or  lower  than  they  would  have 
been  if  imported  from  abroad.  As  brought  out  by  I)r.  Stone  in 
one  of  his  articles,  where  he  points  out  that  a  certain  dyestuff  on 
which  the  patent  had  expired,  which  had,  however,  a  tariff  that 
protected  it,  as  far  as  this  country  is  concerned  the  price  of  that 
material  in  America  was  to  25  percent  less  than  it  actuallv  sold 
for  in  Germany. 

Xow  to  touch  on  my  favorite  claim,  the  patent  proposition. 
I  have  been  wondering  mvself  why  the  New  York  Section  of  the 
American  Chemical  Society  reported  adversely  to  the  compulsory 
working  clause.  Along  about  1908  or  1909  this  was  before  Con¬ 
gress,  and  there  was  a  great  deal  of  agitation  about  this  very 
thing  of  compelling  foreigners  having  patents  in  this  country  to 
work  that  patent  to  the  full  extent  of  their  product  as  sold  in  this 
country.  In  Germany  they  have  had  this  compulsory  working 
clause;  France  has  had  it,  Canada  has  it,  England  has  it  now  and 
has  had  it  for  the  last  five  years,  i  here  has  been  a  great  deal  of 
sport  made  of  it  by  Dr.  Hesse  and  others.  I  think  that  is  hardlv 
fair.  \\  e  had  the  law  on  our  statute  books  in  the  30’s  and  it 
lasted  about  three  years,  and  Dr.  Hesse  tells  us  that  it  expired 
at  the  early  age  of  three  years,  nine  months  and  twenty-seven 
days.  I  hat  was  all  right  as  a  joke,  but  we  cannot  compare  the 
business  of  the  30’s  with  the  business  of  todav  in  this  countrv. 
I  am  yet  to  be  convinced  that  the  compulsory  working  law  is  not 
at  the  bottom  of  the  development  of  the  American  chemical 
industry,  particularly  in  the  coal  tar  color  and  synthetic  drug 
lines.  Germany  is  ahead  of  us  in  technical  education,  we  must 
admit,  which  has  produced  their  wonderful  development,  and  we 
should  come  up  to  that  if  possible,  and  the  only  way  to  come 
up  to  it  that  I  can  see  is  to  have  all  this  legislation,  including  the 
patent  protection.  The  law  of  self-preservation  applies  to  na¬ 
tions  as  well  as  individuals,  and  that  is  of  prime  importance. 

I  agree  perfectly  with  Dr.  Viol  and  Dr.  Stahl  in  the  idea  that 
an  improvement  that  Americans  could  copy  with  profit  is  the 
German  practice  of  selecting  from  the  chemical  staff  of  an  estab- 
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lishment  those  chemists  who  show  that  they  have  the  personality 
and  force  to  carry  on  successfully  the  business  end  of  this  par¬ 
ticular  line  of  manufacturing.  Such  a  man  has,  of  course,  a 
fundamental  insight  into  all  the  processes,  and  can  carry  on  the 
management  more  intelligently  than  a  man  with  mere  business 
experience. 

Dr.  Phillips  has  touched  on  the  great  question  of  conserva¬ 
tion.  It  would  seem  that  this  very  question  of  phosphate  export 
is  quite  as  important  as  any  other  that  has  arisen  since  the  agita¬ 
tion  on  conservation  started.  As  Dr.  Phillips  says,  we  have  over¬ 
looked  a  number  of  important  considerations  in  the  past  in  con¬ 
nection  with  the  conservation  of  our  raw  materials. 

Answering  Dr.  Stahl's  question  concerning  calcium  acetate, 
would  say  that  this  compound  is  the  raw  material  used  for  the 
manufacture  of  pure  acetone,  and  the  latter  is  used  in  large  quan¬ 
tities  in  the  manufacture  of  high  explosives,  similar  to  the  use  of 
amylacetate. 

One  point  has  been  touched  by  nearly  every  speaker  this 
evening,  and  that  is  the  idea  that  Americans  (perhaps  tempera¬ 
mentally)  prefer  those  industries  in  which,  even  though  the 
profits  may  be  small,  the  tonnage  is  large,  to  the  other  group 
where  actual  tonnage  is  smaller,  but  value  of  products  and  profits 
per  ton  much  greater.  This  is  the  point  about  which  there  is  a 
great  deal  of  discussion  every  time  the  subject  has  come  up 
before  any  of  our  chemical  societies.  Dr.  Grosvenor,  of  New 
York,  refers  to  the  dyestuff  and  organic  chemical  manufactures  as 
“puttering”  industries.  Tonight  Dr.  Aschman  and  Dr.  Snelling 
have  taken  practically  the  same  stand. 

Why  should  we  make  the  claim  that  Americans  cannot  suc¬ 
ceed  in  an  industry  that  involves  making  a  few  hundred  pounds 
of  ore  substance  now,  and  perhaps  not  taking  this  particular  thing 
up  again  for  months  or  perhaps  a  year,  going  on  in  the  meantime 
in  like  manner  preparing  small  quantities  of  other  products? 
There  is  nothing  necessarily  new  to  Americans  in  this.  Look  at 
our  plants  manufacturing  paints  and  paint  colors.  I  have  seen 
in  the  United  States  plants  where  just  such  “puttering”  is  carried 
on  successfully  and  by  Americans.  And  we  do  not  need  to  go 
very  far  in  mechanical  lines  to  find  industries  to  which  the  same 
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term  might  be  applied.  In  the  rubber  industry  a  great  part  of 
mechanical  goods  manufacturing  is  what  is  known  as  "special,” 
i.  e.,  no  one  order  is  for  a  very  large  quantity,  and  special  molds, 
and  often  special  compounds,  and  special  cure  will  be  called  for 

on  a  batch  of  goods,  the  like  of  which  may  not  be  turned  out 
again  for  a  year  or  so. 

Now  in  the  aggregate  in  the  industries  just  cited,  we  have 
enormous  figures  as  to  output  and  value.  Making  a  success  of  a 
puttering  industry  is  only  a  question  of  efficiency  in  the  organi¬ 
zation  of  the  work,  and  since  Americans  are  developing  efficiency 
in  plant  organization,  probably  well  beyond  that  of  any  other 
nation,  I  would  hold  that  the  real  objections  to  the  establishment 

of  these  particular  chemical  industries  are  those  pointed  out  in  the 
paper. 

In  connection  with  Dr.  Stahl's  remarks,  I  would  note  that 
aside  from  the  hysteria  prevailing  in  the  early  months  of  the  war, 
which  affected  prices  in  an  unreasonable  manner  in  some  cases, 
we  can  trace  every  rise  in  the  price  of  a  chemical  product  in 
which  the  Lnited  States  is  a  sole  producer  to  some  abnormal 
demand  cieated  by  the  war  itself.  Some  dealers,  using  the  war 
as  an  excuse,  tried  to  secure  abnormal  prices,  even  when  the 
product  is  made  only  in  America,  but  all  that  has  blown  over. 


As  to  making  only  standard  colors,  and  only  a  few  at  that, 
in  order  that  we  may  have  an  industry  which  will  thrive  on  our 
peculiar  American  soil,  I  do  not  agree  with  Dr.  Snelling.  In  the 
first  place,  any  one  familiar  with  the  textile  trade  know's  that 
Dame  Fashion  dictates,  from  year  to  year,  which  colors  shall  be 
turned  out  in  greatest  amount.  This  is  an  industry  that  can  never 
become  standardized  in  the  sense  that  a  factory  can  be  adjusted 
to  run  year  in  and  year  out  on  a  few  lines.  Owing  to  the  changes 
in  fashion  and  the  fact  that  research  is  continually  bringing  out 
cheaper  and  better  colors,  it  will  always  be  in  the  "puttering” 
class.  And  what  applies  here  applies  almost  the  same,  as  far  as 

factory  conditions  are  concerned,  to  the  manufacture  of  synthetic 
drugs. 


I  am  glad  that  Professor  Crabtree  brings  out  the  point  that 
in  certain  lines  it  is  being  found  that  steel  manufacture  can  be 
highly  specialized.  The  crucible  steel  manufacturer  certainly 
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finds  no  insuperable  obstacle  in  the  fact  that  he  must  from  month 
to  month,  or  from  week  to  week,  change  from  one  product  to 
another. 

Dr.  K.  F.  Stahl  :  In  regard  to  the  compulsory  working 
clause,  which  theoretically  seems  very  desirable  and  productive 
of  good  results,  but  in  practice  does  not  seem  to  be  as  effective 
as  might  be  expected,  I  believe  Germany  was  the  first  country  to 
put  a  compulsory  working  clause  in  their  patent  law,  but  I  have 
been  told  that,  while  in  some  instances  it  may  be  beneficial,  in 
most  cases  its  benefits  are  small,  because  it  can  be  easily  evaded. 
England  has  a  compulsory  working  law  for  about  five  years,  and 
it  has  compelled  some  chemical  manufacturers  to  establish 
branches  in  England,  but  I  suppose  they  ship  the  intermediate 
products  to  England  and  only  execute  the  process  which  is  cov¬ 
ered  by  the  patent.  So  the  benefit  to  England  is  small,  as  can  be 
seen  by  the  present  situation  as  regards  dyestuffs,  but  they  are 
just  as  bad  off  for  them  as  the  users  in  this  country. 

Prof.  J.  H.  James  :  At  the  time  of  the  agitation  in  this 
country  Germany  withdrew  her  compulsory  working  clause  with 
reference  to  American  patents  in  Germany.  They  did  not  want 
us  to  pass  that  sort  of  law.  That  is  one  of  the  things  that  staved 
it  off.  I  think  the  Germans  have  had  nice  picking  in  this  country 
on  account  of  the  fact  that  our  patent  laws  were  so  loose. 

Dr.  K.  F.  Stahl  :  I  believe  the  main  benefit  the  importers 
of  organic  colors  and  other  organic  preparations  had  from  our 
patent  laws  was  the  protection  offered  by  the  product  or  sub¬ 
stance  patent.  Most  of  these  preparations  can  be  made  by  differ¬ 
ent  processes,  but  if  some  one  has  produced  a  new  substance,  and 
has  obtained  a  patent  on  it,  there  is  no  possibility  of  any  one 
making  it  by  another  process. 


PIPE  COITLIXC.S 


By  R.  S.  Lord* 


It  is  not  my  purpose  to  enter  very  deeply  into  a  study  of 
ancient  history  as  applied  to  the  piping  industry,  but  it  is  well 
to  call  attention  to  the  marvelous  growth  of  the  last  half  century. 
Sixty  years  ago  water  piping  was  rare  outside  of  the  few  cities, 
while  the  use  of  gas  for  lighting  was  to  most  people  a  curiosity.  To 
have  used  gas  for  heating  would  have  been  an  extravagance  even 
to  the  wealthy.  \\  hen  we  consider  the  amount  of  metal  that  is 
now  buried  under  our  streets  and  across  our  States,  we  begin 
to  see  a  development  that  no  man  dreamed  of  in  Lincoln’s  time. 
.The  difference  between  Fulton  s  Clermont  and  the  lamented 
Lusitania  is  slight  indeed  in  comparison  although  separated  by 
twice  the  time. 

A\  hile  the  business  of  transporting  water  and  illuminating 
gas  has  increased  by  geometrical  progression,  as  yesterday’s 
luxury  of  the  rich  has  become  today’s  necessity  for  all,  the 
greatest  increase  has  not  been  along  these  lines.  To  Colonel 
Drake  and  his  followers,  who  have  punctured  the  reservoirs  of 
petroleum  and  its  associate  natural  gas,  we  owe  the  greatest 
demand  for  piping.  Our  fathers  remember  the  endless  string 
of  teams  hauling  oil  from  Titusville,  Petroleum  Center  and  Pit- 
hole.  I  know  well  the  man,  still  hale  and  hearty,  who  first 
boated  oil  from  Petroleum  Center  to  the  railroad,  driving  his 
team  in  the  bed  of  Oil  Creek  and  carrying  more  than  five  wagons. 
The  man  who  first  piped  oil  took  a  greater  step  towards  ideal 
transportation  and  if  still  living,  he  should  draw  a  big  pension 
from  the  pipe  manufacturers.  At  that  time  the  modern  methods 
of  making  pipe  were  unknown  and  only  small  diameters  of 
wrought  pipe  could  be  obtained.  While  oil  was  carried  from 
wells  to  the  railroad  through  pipes  some  years  earlier,  it  was  not 
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until  1879  when  Drake’s  well  was  twenty  years  old  that  real  long 
distance  transportation  began.  During  that  year  a  5-inch  line 
was  laid  from  a  point  in  the  Butler  County  oil  field  to  the  refin¬ 
eries  at  Cleveland.  As  a  matter  of  interest  regarding  the  dura¬ 
bility  of  wrought  pipe,  I  would  mention  that  a  large  section  of 
this  line  was  re-claimed  in  1912  after  thirty-three  years’  service. 
In  many  places  the  mill  marks  were  still  legible.  It  is  now  in 
service  in  West  Virginia  and  will  probably  outlast  most  of  us. 
In  1881  an  8-inch  gas  line  about  30  miles  long  was  laid  by  The 
Standard  Oil  Company  into  Bradford  from  the  Wilcox  field  in 
Elk  County.  This  line  laid  under  the  direction  of  J.  C.  Mc¬ 
Dowell,  a  well-known  resident  of  Pittsburgh,  was  largely  of  cast- 
iron  with  lead  joints.  No  line  pipe  as  large  as  8-inch  could  be 
obtained  at  that  time,  but  the  latter  part  of  the  work  was  com¬ 
pleted  with  drive  pipe  on  which  chain  tongs  were  used  since  no 
8-inch  lay  tongs  could  be  obtained.  This  was  the  real  beginning 
of  the  Natural  Gas  Pipe  Line  business.  A  few  years  later  oil 
men  began  to  realize  that  natural  gas  was  really  a  blessing  in¬ 
stead  of  a  nuisance,  and  in  the  effort  to  carry  it  to  market,  the 
development  of  larger  sizes  of  steel  pipe  began. 

Before  going  into  this  matter  of  larger  pipes,  I  wish  to  dis¬ 
cuss  some  of  the  problems  of  the  industry.  First,  consider  the 
question  of  the  material  most  suitable  for  a  pipe  line  to  transport 
fluids.  From  time  immemorial  lead  has  been  used  for  water  and 
gas  pipes  of  small  diameter,  but  its  high  cost  and  low  tensile 
strength  naturally  limit  it  to  small  pipes  with  low  pressure.  Cast 
iron  has  been  made  in  large  sizes  for  many  years.  Its  great 
durability  has  kept  it  a  favorite  material  for  city  mains,  although 
its  brittle  character  and  more  or  less  unsatisfactory  joints  hold 
it  down  to  moderate  pressure.  With  means  to  insure  tight 
joints,  it  will  doubtless  increase  in  favor  where  heavy  freight 
and  hauling  expenses  are  not  required.  These  excessive  freight 
and  hauling  charges  have  in  recent  years  caused  a  great  increase 
in  the  use  of  wood  pipe.  I  remember  well  how  as  a  little  lad  I 
watched  my  father  lay  a  wooden  pipe  line  from  a  spring  on  the 
hillside  down  to  our  house.  It  was  made  of  cedar  logs  bored 
out  and  coupled  by  a  short  thimble  of  cast  iron.  The  modern 
wood  pipe  is  built  of  staves  hooped  up  like  a  barrel  or  tank  and 
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driven  together  in  sections  or  built  on  the  job  in  a  continuous 
line.  \\  ith  all  its  improvement,  wood  pipe  is  not  likely  to  sup¬ 
plant  iron  pipe,  since  it  is  limited  to  carrying  water  and  lumber 
prices  continue  to  rise.  It  is  in  the  line  of  wrought  iron  or  steel 
pipe  that  the  great  increase  has  been  and  the  future  will  prob¬ 
ably  see  these  materials  leaving  all  others  in  the  race  for  suprem¬ 
acy.  New  inventions  in  preservative  coatings  and  the  superior 
joints  now  common  make  it  the  great  common  carrier  of  fluids. 

The  problem  of  joints  has  always  been  a  difficult  one  for  the 
pipe  manufacturer  and  to  this  day  some  of  the  best  ideas  in  pipe 
making  are  handicapped  by  the  lack  of  couplings  that  will  come 
up  to  a  high  standard  of  efficiency  and  still  keep  within  a  reason¬ 
able  cost. 

The  essentials  of  a  good  pipe  coupling  are  tightness,  flexi¬ 
bility,  allowance  for  expansion  and  contraction,  strength  and 
rigidity.  The  order  in  which  these  essentials  rank  is  not  always 
the  same  since  for  some  classes  of  service  great  strength  might 
be  more  important  than  absolute  tightness.  The  apparent  con¬ 
tradiction  between  flexibility  and  rigidity  is  explained  when  we 
understand  that  while  the  ability  to  make  bends  easilv  is  a  verv 
important  matter  to  a  pipe  line  builder,  the  degree  of  flexibility 
must  be  controlled  by  something  in  the  joint  itself  or  by  proper 
anchorage.  The  degree  of  flexibility  required  varies  with  the 
service.  Natural  gas  lines  laid  over  Pennsylvania  or  West  Vir¬ 
ginia  hills  must  be  capable  of  bending  readily  while  artificial  gas 
lines  laid  to  grade  need  little  flexibility.  The  freedom  of  expan¬ 
sion  or  contraction  is  a  very  important  feature  since  without  it 
serious  breakage  must  often  occur  in  spite  of  deep  and  expensive 
covering  as  a  protection  from  varying  temperatures. 

In  the  matter  of  strength,  present  day  demands  require  a 
very  high  standard.  Artificial  gas  lines  use  what  are  called  high 
pressures,  but  their  range  is  never  up  to  100  lb.  Natural  gas 
pipe  lines  are  laid  in  small  sizes  near  the  wells  to  control  pres¬ 
sure  up  to  the  limit  of  the  rock  pressures  which  in  some  cases 
run  up  to  1200  or  even  1400  lb.  I  he  small  lines  carrying  such 
pressures  to  the  nearest  gate  or  reducing  station  hold  against 
breakage  very  successfully,  but  the  frosty  couplings  show  very 
clearly  the  expansion  of  leaking  gas.  Fortunately  these  extreme 
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pressures  are  never  carried  any  distance  from  the  well,  or  for 
any  length  of  time  without  natural  reduction  due  to  expansion 
into  the  large  soace  of  a  big  pipe  line.  The  well  shut  in  is  the 
only  one  showing  full  rock  pressure  to  strain  the  joints,  and  that 
only  on  the  piping  in  or  at  the  well.  Main  lines  of  large  size 
are  now  in  fairly  common  use  carrying  pressures  up  to  350  or 
400  lb.,  and  it  is  necessary  that  such  joints  be  bottle  tight  under 
such  conditions.  It  is  no  simple  proposition  to  confine  gas  at 
such  a  pressure  in  a  pipe  of  20-inch  diameter,  but  coupling  manu¬ 
facturers  have  solved  that  question  fairly  well.  Oil  lines  of  10- 
inch  diameter  now  work  continuously  at  pressures  up  to  TOO  lb., 
while  in  6-  and  8-inch  trunk  lines  crossing  the  greater  portion 
of  the  continent,  pressures  run  up  to  900  lb.  Many  gas  en¬ 
gineers  believe  that  pressures  between  500  and  800  lb.  will  soon 
be  used  on  large  transportation  lines  since  the  most  economical 
way  to  carry  a  large  volume  of  gas  is  to  keep  it  at  a  very  high 
pressure.  Boosting  pressures  from  100  to  300  lb.  has  enabled 
gas  companies  to  greatly  increase  the  carrying  capacity  of  their 
lines.  Boosting  to  600  lb.  and  continuing  to  boost  whenever 
there  is  a  slight  fall  in  pressure  will  work  wonders  where  the 
lines  are  sufficiently  long  to  carry  the  system  out  with  economy. 
You  will  appreciate  the  strength  required  in  pipe  couplings  to 
hold  without  any  leakage  the  hundred  or  more  million  cubic  feet 
that  a  large  line  will  carry  under  such  conditions. 

The  fluids  to  be  carried  have  an  important  bearing  on  the 
requirements  of  a  pipe  line  as  well  as  a  pipe  coupling  Water 
will,  of  course,  corrode  the  interior,  causing  deterioration  of  iron 
pipe  much  greater  than  for  most  other  fluids  and  making  it  desir¬ 
able  to  use  a  good  preservative  coating  inside  as  well  as  outside. 
Water  hammer  occasioned  by  air  in  the  lines  requires  that  the 
strength  be  sufficient  to  withstand  heavy  blows  as  well  as  heavy 
pressure.  The  gases  have  no  such  hammering  effect  and  even 
the  pressure  ahead  of  the  pumps  is  of  a  cushioning  nature  less 
severe  in  joints  than  the  throbbing  of  water  pumps.  Neither 
do  gases  corrode  the  pipe,  it  being  a  rare  thing  to  find  the  pipes 
affected  from  the  inside.  Natural  gas  has  no  appreciable  effects 
on  rubber  gaskets  used  on  plain  end  pipe,  unless  the  gas  be  satur¬ 
ated  with  oil  or  gasoline.  Artificial  gas  is  also  practically  harmless 


when  dry,  but  the  coal  distillate  so  often  found  in  it  and  known 
as  drip  oil  is  even  worse  than  gasoline  in  its  effect  on  coupling 
gaskets.  1'his  subject  will  be  discussed  more  in  detail  under  an¬ 
other  heading. 

In  the  use  of  cast  iron  pipe  only  three  classes  of  joints  are 
common.  Bell  and  spigot,  flanged,  and  machined  or  universal. 
The  bell  joints  depend  upon  cement  or  a  soft  metal  such  as  lead 
for  sealing. 

Cement  has  been  used  extensively  with  fair  success  in  the 
matter  of  tightness,  but  it  does  not  permit  of  any  variation  from 
the  alignment  given  the  pipe  when  laid,  and  this  extreme  rigid¬ 
ity  as  well  as  change  of  temperature  often  subjects  the  line  to 
strains  sufficient  to  break  the  pipe.  Lead  is  more  satisfactory 
as  is  shown  by  the  greater  usage.  Its  weakness  lies  largely  in 
the  fact  that  when  once  compressed  or  forced  out  of  position, 
it  lacks  any  elastic  power  that  would  tend  to  return  it  to  its 
position.  Any  movement  of  the  line  after  caulking  naturally 
causes  leakage.  In  recent  years  lead  wool  has  been  hammered 
into  bells  to  form  a  more  solid  packing  than  that  made  by  pour¬ 
ing  molten  lead  and  then  caulking  the  face.  Some  people  con¬ 
sider  this  quite  an  improvement,  but  it  is  not  gaining  in  favor 
with  the  rapidity  that  such  an  improvement  would  lead  one  to 
expect.  While  I  must  confess  to  having  little  acquaintance  with 
lead  wool,  I  think  it  is  still  safe  to  state  that  lead  joints  will  leak. 

Flanged  joints  are  so  little  used  in  cast  iron  pipe  lines  that 
any  consideration  of  them  is  unnecessary. 

Within  the  past  fifteen  years  a  machined,  iron  to  iron,  taper 
joint  has  come  to  the  front  under  the  name  of  Universal  pipe. 
It  is  drawn  together  by  means  of  two  bolts  running  through  pro¬ 
jecting  lugs  or  ears.  In  water  lines  the  natural  corrosion  caused 
by  seepage  of  water  through  the  joints  tends  to  check  leakage, 
but  this  advantage  is  not  so  apparent  in  a  gas  line.  The  light 
weight  and  easy  connecting  of  these  pipes  seem  to  be  their  best 
claim  to  favor.  I  have  been  advised  by  a  prominent  artificial 
gas  engineer,  well  known  in  Pittsburgh,  that  a  similar  style  of 
joint  was  tried  out  in  Scotland  more  than  fifty  years  ago.  The 
results  did  not  encourage  its  adoption  in  gas  practice. 
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The  joints  in  use  on  wrought  pipe  have  until  recent  years 
been  threaded.  Many  different  shapes  have  been  used  for  mak¬ 
ing  the  couplings  with  some  variation  in  the  threads  cut.  Modern 
pipe  makers  have  determined  on  certain  definite  shapes  of 
couplings  and  threads,  only  a  few  of  which  will  be  considered. 


Typical  Section  of  Standard  Pipe  Coupling  and  Joint 

Fig.  1. 


The  standard  pipe  coupling,  Fig.  1,  has  a  comparatively  short 
body  with  threads  out  to  the  extreme  edge  and  is  not  intended 
for  the  heavy  pressures  or  otherwise  difficult  conditions. 

The  line  pipe  coupling,  Fig.  2,  is  larger  and  heavier  and  in 
addition  to  its  long  bearing  of  threads  has  an  additional  over¬ 
hanging  extension  which  is  intended  as  a  convenience  for  caulk¬ 
ing  in  case  of  leakage,  as  well  as  a  re-inforcing  section.  This 


Typical  Section  of  Line  Pipe  Coupling  and  Joint 

Fig.  2. 

feature  is  emphasized  in  the  air  line  coupling,  Fig.  3,  in  which 
the  recess  for  lead  is  large  enough  to  permit  thorough  caulking. 
This  leading  feature  is  used  because  of  the  fact  that  it  is  impos¬ 
sible  to  make  screw  joints  in  diameters  4-inch  and  larger  that 
will  hold  high  pressure  of  air  and  gas  without  probability  of 
leakage.  I  have  often  heard  the  statement  made  that  a  properly 
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laid  screw  line  would  not  leak.  In  one  case  where  such  a  state¬ 
ment  was  made  to  me  several  years  ago  by  a  gas  man  who  had 
not  been  converted  to  the  use  of  plain  end  pipe,  I  had  an  excel¬ 
lent  opportunity  to  prove  his  error.  After  he  had  claimed  that 
any  line  he  laid  was  tight,  we  looked  over  a  4-inch  line  which 


Typical  Section  of  Air  Line  Pipe  Coupling  and  Joint 

Fig.  3. 

he  had  laid  six  months  before  and  the  investigation  showed  that 
nearly  500  collar  leak  clamps  were  already  installed  on  the  14 
miles  of  line.  Among  the  screw  joints  a  little  out  of  the  ordinary 
is  the  inserted  joint,  Fig.  4,  used  in  casing  where  a  common 
collar  would  obstruct  the  passage  within  a  larger  casing.  The 
flush  joint,  Fig.  5,  is  used  in  the  same  way  where  external 


Typical  Section  of  Inserted  Joint  Casing 

Fig.  4. 

smoothness  is  more  important  than  strength.  Neither  one  of 
these  shapes  is  used  in  pipe  line  work. 

Flanges  are  very  rarely  used  on  wrought  pipe,  except  in 
steam  piping  and  for  connections  to  valves  and  fittings.  In  large 
diameters  it  is  difficult  to  make  the  thread  in  a  flange  tight  and 
peening  the  end  of  the  pipe  for  the  purpose  of  stopping  leakage 
is  a  common  practice. 
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The  modern  Van  Stone  joint  is  an  improvement  in  flanges. 
Il  is  made  by  belling  out  the  end  of  the  pipe  at  right  angles  to 
the  axis  of  the  pipe.  The  flanges,  without  thread  but  machined 
to  the  curve  of  the  bell,  are  of  course  put  on  the  pipe  before  the 
end  is  expanded.  The  gaskets  are  inserted  between  the  ends  of 
the  pipe  rather  than  between  the  cast  flanges. 


Typical  Section  of  Flush  Joint  Tubing 

Fig.  5. 


The  verdict  on  flange  joints  when  finished  is  this:  “Good 
but  without  flexibility  or  possibility  of  contraction,  and  by  far 
too  expensive  for  regular  use.” 

In  the  early  days  of  the  natural  gas  business  engineers,  real¬ 
izing  the  weakness  of  large  screw  couplings,  turned  to  lead  for 
sealing  joints.  The  Kimberly  joint,  Fig.  6,  was  a  heavy  forged 
collar  with  ample  lead  space  for  caulking  but  without  provision 
for  locking. 


Fig.  6. 

E.  C.  Converse  was  the  inventor  of  a  joint,  Figs.  7  and  8, 
made  by  locking  wrought  pipes  in  a  cast  iron  hub  by  means  of 
projecting  rivets  on  the  pipe  made  to  engage  in  slots  inside  the 
hub.  When  locked  in  this  manner  the  joints  were  sealed  by 


leading.  This  Converse  joint  was  in  common  use  for  large  pipe 
lines  25  years  ago.  Most  of  them  have  now  been  clamped  with 
rubber  against  the  lead  to  stop  the  leakage,  or  the  lines  relaid 
with  a  rubber  sealed  joint  instead  of  the  leaded  bowls.  A  12- 
inch  line  of  this  nature  in  Ohio  is  being  relaid  in  this  manner 
at  the  present  time. 


Typical  Section  of  a  Converse  Lock  Joint  Hub 

Fig.  ?. 


H.  Sellers  McKee,  of  Pittsburgh,  patented  a  coupling  some¬ 
what  like  the  Converse  in  which  the  lock  was  made  by  a  series 
of  rivets  set  in  spiral  lines  and  inserted  in  spiral  grooves.  In 
fact,  a  thread  was  made  of  the  line  of  rivets  and  after  being 
screwed  together  the  joint  was  leaded  like  the  Converse. 


M - L - H 


Typical  Section  of  a  Converse  Lock  Joint  Hub  and  Pipe 

Fig.  8. 


The  Matheson  joint.  Fig.  !),  invented  by  George  Matheson, 
is  of  a  bell  and  spigot  design,  the  bell  being  formed  by  expand¬ 
ing  one  end  of  the  pipe  sufficiently  to  enclose  the  spigot  end  and 
the  necessary  lead  space.  The  enlarged  inner  cavity  of  this  lead 
space  with  a  groov?  around  the  spigot  form  a  good  looking  do 
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vice.  This  joint  is  in  common  use  for  water  lines  in  the  Weot 
where  freight  rates  run  up  the  cost  of  cast  iron.  When  used 
for  gas  lines,  the  lead  space  is  usually  clamped,  thus  insuring 
tightness  through  the  use  of  rubber,  and  rigidity  through  the 
lead.  The  National  Tube  Company  has  kindly  furnished  me 
some  information  on  the  history  of  these  leaded  steel  pipes.  I 
quote  from  them  as  follows: 


Fig.  9. 

“The  first  occasion  on  which  Kimberly  collars  were  used 
was  in  the  year  1881,  when  the  Kimberly  Water  Works  had  to 
buy  some  1500  tons  of  water  mains,  and  (there  being  no  railway 
at  the  time)  there  was  about  500  miles  of  ox-wagon  carriage. 
The  cost  of  freight  alone  exceeded  $250  per  ton.  It  was  obvious 
that  the  cast  iron  pipes  were  impossible.  For  this  purpose,  there¬ 
fore,  Messrs.  Thomas  Piggott  &  Co.,  of  Birmingham,  suggested 
welded  steel  pipes,  14  in.  internal  diameter,  and  1  /4  in.  thick,  and 
18  in.  diameter  by  5/16  in.  thick,  and  the  order  was  executed, 
saving  the  Kimberly  Water  Works  a  large  sum  of  money  in 
freight.  Since  then,  in  South  Africa,  many  water  companies 
have  followed  the  example,  and  water  mains  for  Pretoria, 
Klerksdorp  and  Buluwayo  were  all  made  of  steel.  Besides  these, 
the  Johannesburg  Water  Works  have  from  time  to  time  made 
large  contracts  for  steel  pipes.  It  will  be  noticed  that  the  sleeve 
is  made  of  wrought  steel. 

“The  Converse  lock  joint  was  probably  invented  in  the  latter 
part  of  1881,  as  the  first  patent  covering  the  Converse  Joint  Hub 
was  issued  January  10th,  1882,  to  Mr.  E.  C.  Converse,  who  was 
connected  with  the  mill  which  is  now  a  part  of  the  National 
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Works,  National  lube  Company.  There  have  been  numerous 
modifications  since  the  first  patent  was  issued,  but  the  same 
general  principle  has  been  retained.  This  form  of  lead  joint, 
applied  to  wrought  pipe,  proved  very  popular  and  many  lines 
involving  a  large  number  of  feet  have  been  laid. 

“The  Matheson  joint  was  invented  about  1889,  and  the  fir:«t 
patent  on  the  machine  for  expanding  the  pipe  to  form  the  Mathe¬ 
son  joint  was  issued  August  27,  1889,  to  Mr.  George  Matheson, 
who  was  connected  with  the  mill  that  afterwards  became  the 
Youngstown  Works  of  National  l  ube  Company.  This  form  of 
joint  has  also  proven  very  popular,  and  for  certain  uses  and  in 
certain  sections  of  the  country  it  provides  many  features  which 
have  not  been  surpassed.” 

Rubber  packed  couplings  have  been  a  great  field  for  invent¬ 
ors  and  would-be  inventors.  It  is  somewhat  difficult  to  locate 
the  real  originator  of  this  class  of  coupling.  In  the  early  eighties 
several  designs  were  brought  out,  among  the  inventors  granted 
patents  being  Jacob  Shineler  and  Frank  Moore  of  Pittsburgh, 
Wm.  H.  Richards  of  McKeesport,  and  John  S.  Klein  of  Oil  City. 
In  1888  Solomon  R.  Dresser,  of  Bradford,  Pa.,  was  given  a 
patent  on  such  a  joint.  While  this  invention  was  never  put  into 
practical  service  any  more  than  those  of  the  earlier  inventors, 
Mr.  Dresser  put  out  another  design  in  1889,  which  he  succeeded 
in  getting  into  service.  According  to  his  own  statement,  the  first 
line  was  laid  in  Malta,  Ohio,  in  the  fall  of  1891.  It  consisted  of 
live  miles  of  5  5/8-in.  casing.  Not  until  five  years  later  did  he 
succeed  in  getting  a  second  trial,  although  the  first  proved  emi¬ 
nently  satisfactory.  This  second  line  was  eight  miles  of  12-in., 
forming  a  link  in  a  line  to  Buffalo  from  the  gas  fields  of  Penn¬ 
sylvania.  While  not  the  originator  of  rubber  couplings,  Mr. 
Dresser  is  justly  entitled  to  be  called  the  “Father  of  the  Busi¬ 
ness,”  since  he  devised  the  first  really  practical  joint,  and  it  was 
through  his  persistence  that  gas  men  were  led  to  see  the  advan¬ 
tages  of  the  new  method. 

While  many  differences  in  detail  are  to  be  noted  in  the 
couplings  of  different  inventors  they  seem  to  divide  readily  into 
two  general  classes.  Those  intended  to  be  packed  by  the  pres¬ 
sure  of  fluid  carried  and  those  packed  by  force  applied  ex- 


428  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

ternally,  working  against  the  pressure  within.  The  former  class 
includes  Klein's  patent  of  1887  and  Dresser’s  patent  of  1888,  in 
which  the  drawings  show  several  methods  of  clamping  together 
rings  and  sealing  them  by  internal  rings,  which  \.ere  forced  out¬ 
ward  against  the  sealing  rubbers  by  the  pressure  within.  When 
Mr.  Dresser  took  the  good  points  of  this  device  and  applied  the 
packing  force  by  means  of  bolts  giving  possibility  of  adjustment, 
he  made  a  practical  joint.  The  Kenyon  patent  of  1907  is  also 
internally  packed,  but  in  this  case  an  excess  of  rubber  is  put  into 
the  recesses  and  the  pipe  forced  in  by  means  of  a  jack,  thus  mak¬ 
ing  considerable  compression  before  the  internal  pressure  is  ap¬ 
plied.  We  have  yet  to  learn  of  any  line  being  laid  with  internally 
packed  couplings.  All  of  the  couplings  that  have  left  a  mark  in 
the  business  world  have  been  of  the  external  packed  type,  begin¬ 
ning  with  Mr.  Dresser’s  patent  in  1889,  or  a  modification  of  it, 
which  is  the  one  really  put  into  service.  From  1891  to  1905  all 
couplings  were  made  with  cast  iron  sleeves,  or  center  rings,  as 
they  are  commonly  called.  The  first  followers  or  end  rings  were 
made  of  cast  iron,  the  change  to  malleable  iron  for  these  rings 
being  made  quite  early.  The  arrangement  of  these  rings  with 
reference  to  controlling  the  outward  pressure  of  the  rubbers  has 
been  a  subject  of  some  difference  of  opinion.  I  have  had  per¬ 
sonal  experience  with  a  line  in  which  the  cast  iron  center  rings 
overlapped  the  rubbers  and  the  end  rings  merely  served  to  crowd 
the  rubbers  forward  into  the  recesses  under  the  center  rings. 
This  proved  to  be  too  much  of  a  strain  on  the  center  rings,  which 
have  given  continual  trouble,  while  by  a  recent  report  I  am  ad¬ 
vised  that  the  malleable  end  rings  have  not  once  failed  in  their 
twelve  years  of  service.  Other  manufacturers  who  have  put  all 
the  strain  of  the  compressed  rubber  on  the  malleable  end  rings 
have  had  equally  serious  trouble  from  bursting  these  rings  on 
large  diameters. 

The  old  Dresser  coupling,  Fig.  10,  was  of  the  type  putting 
the  strain  on  the  end  ring  while  the  pointed  end  of  the  center 
ring  was  enclosed  by  the  opening  in  the  rubber  face.  The  Day- 
ton  and  Hammon  were  both  developed  about  1900.  The  Dayton 
coupling,  Fig.  11,  brought  out  by  W.  W.  Price  of  Dayton,  Ohio; 
which  changed  the  faces  of  the  center  rings  and  rubbers  so  that 


they  met  on  a  slope  tending  to  drive  the  rubber  down  against  the 
pipe  instead  of  the  pointed  ring  and  F-shaped  rubber  used  by 
Mr.  Dresser.  The  Hammon  coupler.  Fig.  12,  invented  by  \\  .  H. 
Harnmon,  of  Pi  tsburgh,  placed  the  rubber  under  the  projecting 
edge  of  the  center  and  the  compression  was  applied  by  crowding 
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Fig.  10. 
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Fig.  11. 


the  rubbers  forward  into  the  stuffing  box,  thus  putting  the 
heaviest  strain  of  the  compressed  rubber  on  the  center  ring.  The 
most  radical  change  in  the  early  Hammon  coupling  was  the  eccen¬ 
tric  feature  which  made  it  fit  equally  as  well  whether  the  pipes 
were  laid  in  a  straight  line  or  at  an  angle  up  to  10  or  12  degrees. 
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Fig.  12. 

1  his  was  made  possible  by  center  rings  longer  on  one  side  than 
the  other,  and  end  rings  or  flanges  made  eccentric  to  balance  up 
these  inequalities  in  the  center  ring.  The  pipes  could  be  entered 
either  straight  or  at  an  angle  and  since  the  long  side  of  the  center 
ring  was  concave,  it  permitted  an  unusual  degree  of  bend.  Fc- 


430  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 

centric  gaskets  were  so  placed  that  the  distortion  in  position  did 
not  prevent  perfect  packing.  The  larger  section  of  rubber  was. 
always  fitted  into  the  larger  opening.  The  eccentric  features  of 
this  coupling  required  an  excess  of  material  and  increased  the 
cost,  but  it  still  has  many  friends  who  on  account  of  its  con¬ 
venience  will  use  no  other.  Mr.  Hammon  was  also  the  first  to 
use  oval  necked  track  head  bolts  instead  of  square  heads.  This 
simplified  the  method  of  holding  the  bolts  to  prevent  their  turn¬ 
ing  during  the  wrenching  process.  The  Hammon  Company  is 
also  the  first  to  depart  from  this  track  head  bolt,  as  will  be  shown 
later. 

The  Gillespie  Pipe  Coupling  invented  in  1903  was  used  that 
year  only,  so  far  as  I  have  knowledge. 

In  1905,  Mr.  Z.  B.  Custer,  of  Bradford,  Pa.,  developed  a 
center  ring  made  of  steel  and  the  change  of  material  was  soon 
made  by  other  manufacturers,  each  one  embodying  his  own 
ideas  of  a  proper  design  as  modified  by  the  difference  in  qualities 
between  cast  and  wrought  material. 

The  Custer  coupling,  Fig.  13,  shows  a  center  ring  with  out¬ 
wardly  flaring  bell-shaped  rubber  recesses,  and  an  enlarged  in¬ 
terior,  giving  great  room  to  swing  at  a  sharp  angle,  if  properly 
controlled,  so  that  an  equal  pressure  can  be  maintained  on  the 
rubbers.  In  order  to  maintain  this  pressure  on  the  rubber  it  is 
necessary  to  have  an  end  ring  with  broad  face  to  close  the  open¬ 
ing,  without  much  clearance.  Rubber  has  a  habit  of  fitting  itself 
to  the  space  assigned  to  it,  but  where  a  large  crevice  is  left,  it 
will,  in  the  course  of  time,  escape  from  the  pressure  by  crawling 
through  the  opening.  The  original  Custer  couplings  were  weak 
along  this  line,  so  that  while  other  manufacturers  had  their 
troubles  with  brittle  castings,  Custer  learned  the  error  of  loose 
fitting  parts.  Fortunately,  all  have  overcome  most  of  these  un¬ 
favorable  conditions  so  that  the  poorest  joint  turned  out  today 
is  probably  an  improvement  over  the  best  of  ten  years  ago. 

From  the  beginning  of  the  steel  center  ring  business,  the 
dividing  stops  or  lugs  have  differed.  Custer  used  a  deep  dimple 
forcing  the  hot  metal  in  at  two  points  to  make  protuberances  at 
the  middle  line  of  the  inside  of  the  center  ring.  Dayton  used  the 
same  method,  but  since  their  centers  did  not  have  the  large  in- 
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terior  the  lugs  did  not  need  to  be  so  long.  Neither  of  these  forms 
made  a  square  stop  by  which  the  rings  could  be  squared  up 
against  the  ends  of  the  pipe,  and  the  tendency  to  slip  a  lug  past 
the  edge  of  the  pipe  often  made  it  difficult  to  shape  up  the  joint 
as  it  should  be,  perpendicular  to  the  axis  of  the  pipe,  so  that  even 
compression  could  be  maintained. 

Dresser  adopted  a  ridge  running  entirely  around  the  interior 
of  the  center  ring,  making  a  square  stop  that  lined  up  the  rings 
very  satisfactory.  This  method  is  now  used  by  Dayton.  Ham- 
mon  has  always  used  detachable  lugs  on  which  he  was  granted 
a  patent.  They  are  made  square,  forming  a  perfect  stop  to  line 
up  the  pipe,  and  at  the  same  time  they  can  be  removed  by  ham¬ 
mering  on  them  before  they  are  put  in  use  if  it  is  desirable  to  use 
the  ring  as  a  sleeve,  or  what  is  much  more  important,  a  line  in 
use  can  be  opened  up  by  driving  the  ring  along  the  pipe,  thus 
severing  the  lugs.  In  this  way  a  joint  of  pipe  can  be  easily  lifted 
Out  and  a  new  connection  inserted  with  the  shortest  possible  in¬ 
terruption  in  the  service,  this  item  being  of  more  value  than  the 
saving  in  labor.  These  lugs  were  originally  made  by  electrically 
welding  blocks  of  steel  to  the  interior  of  the  center  ring.  Re¬ 
cently  a  new  method  has  been  developed  by  which  an  interior 
bead,  such  as  is  used  by  Davton  and  Dresser,  is  sheared  away 
except  at  the  points  where  lugs  are  desired.  These  remaining 
pieces  are  at  the  same  time  slightly  undercut,  so  that  they  can 
be  removed  when  a  proper  amount  of  driving  force  is  applied. 

In  the  evolution  of  steel  end  rings  very  different  designs 
have  been  used.  It  has  been  found  difficult  to  get  sufficient  stiff¬ 
ness  in  a  forged  ring  to  resist  the  tendency  to  lean  forward  un¬ 
duly  under  the  heavy  pull  of  the  bolts.  It  is  impossible  to  rib 
up  and  strengthen  a  forging  as  is  done  in  a  malleable  casting,  con¬ 
sequently,  when  the  center  ring  encloses  the  gasket  preventing 
any  bursting  strain  from  coming  on  the  end  ring,  malleable  iron 
is  a  better  material  for  a  stiff  gland  than  steel.  For  this  reason, 
the  Hammon  Company  has  manifested  a  preference  for  mal¬ 
leable  end  rings,  Fig.  14,  which  they  could  make  wide  on  the 
face  against  the  gasket  and  sufficiently  rigid  to  resist  the  bolting 
strain. 
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Custer  has  cut  steel  rings  out  of  plate,  Fig.  15,  pressing 
them  into  cup  shape  to  get  the  same  effect.  The  Dresser  Com¬ 
pany  uses  the  same  material,  steel  plate,  Fig.  16,  but  press  it 
into  an  entirely  different  shape  so  that  the  gaskets  can  be  en¬ 


closed  by  these  rings.  At  the  expense  of  considerable  material 
and  several  pressing  operations,  a  ring  is  obtained  that  stands 
up  well  against  the  bolts.  Dayton  uses  a  special  rolled  shape  re¬ 
sembling  a  tee  bar,  Fig.  17,  which  also  encloses  the  gaskets. 

The  standards  of  the  various  manufacturers  as  made  at 
the  beginning  of  this  year  will  pack  an  ordinary  pipe  line  very 
satisfactorily,  and  in  showing  cross  sections  of  them,  I  do  not 
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Fig.  16.  Fig.  17. 

wish  to  express  any  opinion  as  to  the  relative  value  of  the  dif¬ 
ferent  designs.  Doubtless,  all  have  their  friends  and  warm  ad¬ 
vocates.  You  have  probably  noticed  that  with  some  slight  varia¬ 
tion,  each  manufacturer  has  carried  out  his  original  design,  modi- 
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fying  shapes  slightly  to  accommodate  the  changes  in  material 
and  overcome  difficulties  that  have  developed.  The  coupling 
manufacturer  lias  been  wide  awake  and  keeping  pace  with  the 
best  development  in  kindred  business. 

Under  the  head  of  “Recent  Improvements,”  1  wish  to  call 
your  attention  to  an  entirely  new  design  shown  at  the  Conven¬ 
tion  of  The  Natural  Gas  Asociation  of  America,  at  Cincinnati, 
two  weeks  ago,  where  its  valuable  as  well  as  novel  features  won 
high  commendation  from  the  many  gas  men  assembled  there. 
It  is  being  made  by  the  Hammon  Coupler  Company,  and  is 
largely  the  invention  of  Mr.  H.  D.  Hildebrand,  the  new  Presi¬ 
dent  of  that  Company.  Having  heard  complaints  of  users  of  the 


CUf*C#C*  CO<S*>L. 

Fig.  18. 


tendency  of  various  makes  of  flanges  to  bend  forward  under  the 
pull  of  the  bolts,  particularly  when  improved  hard  rubbers  are 
used,  Mr.  Hildebrand  set  himself  to  overcome  this  difficulty  and 
hit  upon  the  plan  of  doing  away  with  the  outer  flange,  which  is 
used  for  the  sole  purpose  of  a  place  to  hold  the  bolts.  The  new 
design,  Fig.  18,  is  made  close  down  to  the  pipe  and  the  bolts  are 
required  to  hold  themselves  on  by  a  hook  at  the  head  end  ami  a 
clip  at  the  nut  end.  The  bolts  rest  directly  against  the  broad  band 
of  the  ring  in  semi-circular  notches  made  for  the  purpose  of 
locating  them.  The  hooks  coming  behind  these  rings  make  the 
pull  as  direct  against. the  gasket  as  it  is  possible  to  get  it.  I'he 
strength  of  the  ring  is  made  in  the  direction  of  this  pull  of  the 
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bolts  so  that  it  cannot  be  bent  between  the  bolts.  In  fact,  tests 
convince  us  that  with  bolts  farther  apart  than  usual  an  even 
pressure  against  the  rubber  will  be  maintained.  The  shallow 
depth  in  radial  lines  will  permit  of  better  adjustment  to  irregular 
pipe  than  can  be  obtained  where  the  usual  wide  flange  is  used. 
In  addition  to  these  new  points  of  efficiency,  there  is  the  saving 
of  more  than  half  ihe  labor  in  bolting  up  in  construction,  since 
these  bolts  hook  on  and  are  tightened  immediately,  while  others 
must  first  have  the  nut  run  off  the  bolt,  placed  in  position  and 
the  nut  replaced  before  any  tightening  is  begun.  The  same  sav¬ 
ing  will  be  found  when  lifting  to  relay  such  a  line.  In  fact,  it  is 
quite  common  to  cut  off  the  old  bolts  and  buy  new  rather  than 
unscrew  the  rusty  ones  and  have  them  stick  and  set  half  way  off. 
Loosening  these  hook  bolts  about  one-fourth  of  an  inch  will  re¬ 
lease  them  and  they  are  again  ready  for  service.  To  show  the 
development  of  the  business  compare  this  latest  coupling  with 
Dresser’s  patent  of  1889,  with  its  cast  iron  rings,  Fig.  19.  The 
old  timer  is  worthy  of  respect  as  a  pioneer,  but  it  would  never 
do  today. 

Leaving  the  discussion  of  different  designs,  let  us  consider 
the  Plain  End  Pipe  proposition,  as  compared  with  other  styles 


of  construction.  It  is  the  easiest  pipe  line  to  join  together  and 
has  the  tightest  joint  known.  The  pipes  themselves  are  simple, 
not  likely  to  be  damaged  seriously  in  handling  and  easily  cut  into 
short  lengths,  if  that  becomes  necessary.  They  are  not  cut  by  any 
tool  and  the  unbroken  him  of  mill  scale  over  them  helps  to  pre¬ 
serve  them  from  corrosion,  making  a  thin,  plain  end  line  as  dur¬ 
able  as  a  heavy  screw  line  with  its  deep  cut  threads  and  tong 
scars.  With  a  good  coating  of  preservative  paint,  it  is  possible 
to  use  pipe  much  lighter  than  standard  pipe  with  long  life  in¬ 
sured.  The  joints,  when  properly  constructed  and  anchored,  are 
capable  of  making  bends  up  to  four  or  five  degrees  without 
danger  of  leakage.  This  absolutely  tight  condition  insured  by 
a  good  gasket  is  perhaps  the  strongest  point  in  favor  of  such  a 
line,  but  the  fact  that  it  can  give  and  take  with  change  of  tem¬ 
perature  or  shifting  ground  without  making  a  break  puts  it  in 
a  class  by  itself.  As  to  strength,  repeated  tests  of  various  mod¬ 
ern  couplings  have  shown  them  to  be  in  all  cases  stronger  than 
the  pipe  itself,  although  made  of  the  same  thickness  of  material. 
To  sum  up,  it  is  tight,  strong,  flexible,  convenient,  economica1 
and  durable.  In  the  one  point  of  rigidity,  naturally  the  opposite 
of  flexibility,  it  must  depend  upon  some  method  of  anchorage 
such  as  a  covering  of  earth  in  the  ditch,  or  if  exposed  on  a  bridge, 
a  secure  fastening  to  the  bridge  itself.  It  would  be  very  unwise 
to  recommend  Plain  End  Pipe  for  exposed  lines  carrying  heavy 
pressures  without  anchorage,  as  slight  deflections  quickly  upset 
the  balance  of  pressures  and  the  line  will  most  surely  be  forced 
apart. 

The  most  vital  point  in  a  Plain  End  Pipe  Coupling  is,  of 
course,  the  gasket.  Under  conditions  of  air,  water  or  dry  gas 
carried  in  a  line,  the  rubber  will  doubtless  last  as  long  as  the 
pipe  itself  and  no  better  packing  can  be  devised.  In  recent  years 
gasoline  has  come  to  be  a  common  thing  in  natural  gas  lines. 
This  has  been  ;o  some  extent  a  recent  development,  largely  due 
to  decreasing  natural  pressures  and  increasing  use  of  compres¬ 
sors.  A  new  natural  gas  field  never  produces  as  much  gasoline 
as  it  will  later  when  its  pressure  has  been  somewhat  diminished. 
The  compressing  stations  pull  down  the  pressure  on  the  wells 
to  a  point  where  the  volatile  oils  turn  to  gas  and  when  they  have 
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again  put  this  gas  into  the  line  at  a  high  pressure,  it  deposits  its 
load  of  liquid.  The  new  business  of  making  gasoline  from  natural 
gas  is  a  development  of  this  condition,  but  another  important 
development  connected  with  it  has  been  Trouble.  Emphasize 
that  word  Trouble.  Trouble  for  the  gas  man  and  trouble  for 
the  coupling  man.  Common  rubber  cannot  long  resist  gasoline, 
even  in  the  tightly  compressed  coupling  gasket.  Fortunately 
rubber  compounders  have  come  to  the  rescue  with  new  com¬ 
pounds,  more  or  less  an  imitation  of  rubber,  but  still  capable  of 
withstanding  the  siege  of  gasoline.  There  are  several  such  com¬ 
pounds  on  the  market  now.  Each  has  strong  advocates.  Our 
own  long  time  tests  have  shown  them  all  to  be  far  ahead  of  com¬ 
mon  rubber,  but  there  are  better  and  worse  among  them,  and 
every  gas  man  owes  it  to  himself  to  prove  the  material  he  uses. 
Coupling  manufacturers  are  all  anxious  to  furnish  the  best  rub¬ 
ber  if  the  customer  is  willing  to  pay  for  it,  but  they  cannot  fur¬ 
nish  the  best  and  at  the  same  time  compete  with  anything  that 
is  called  rubber.  No  man  should  buy  a  cheap  rubber  if  he  has 
a  possibility  of  gasoline.  He  should  specify  the  grade  of  rubber 
he  desires  and  insist  that  no  substitute  be  furnished.  No  gasket 
material  not  of  a  rubber  nature  has  yet  been  used  that  will  work 
as  satisfactorily  as  the  good  grades  referred  to,  and  no  protec¬ 
tion  to  the  gasket,  whatever  its  nature,  has  done  as  well  as  the 
gasket  itself  when  made  of  the  right  material. 

When  a  coupling  leaks,  if  the  line  cannot  be  shut  off  to  re¬ 
pair  it,  a  very  heavy  and  expensive  bowl  sleeve  is  required.  rhis 
goes  over  the  entire  coupling  making  a  new  joint  of  much  larger 
diameter,  difficult  to  handle,  difficult  to  pack  and  difficult  to  keep 
tight.  These  emergency  clamps  are  commonly  taken  out  of  the 
line  at  the  earliest  opportunity  to  make  a  permanent  repair  and 
again  used  in  the  next  emergency.  One  of  the  valuable  features 
of  the  new  hook  bolt  coupling  mentioned  above  is  the  fact  that 
no  such  heavy  clamps  are  required.  Owing  to  its  shape  it  can 
be  fully  repaired  while  the  gas  is  on  and  the  total  weight  t>f  the 
repair  part  is  so  little  that  a  man  can  carry  it  easily,  and  the  cost 
of  this  repair  installed  is  probably  less  than  one-tenth  of  the  cost 
of  a  bowl  clamp.  Small  leaks  may  be  repaired  by  a  line  walker 
by  parts  which  he  carries  in  his  pockets. 
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While  natural  gas  has  been  the  particular  held  of  Plain  End 
Pipe,  it  has  been  used  to  some  extent  on  artificial  gas,  air,  water 
and  oil  lines  and  the  demand  in  these  fields  seems  likely  to  in¬ 
crease.  It  is  a  most  convenient  line  for  carrying  air  for  quarries 
and  mines,  the  saving  in  power  through  the  elimination  of  leak¬ 
age  making  it  especially  valuable.  If  the  improved  gaskets  stand 
as  well  against  drip  oil  as  they  do  against  gasoline,  they  will 
open  a  wide  door  to  the  artificial  gas  business.  Some  manufac¬ 
turers  are  making  such  claims  for  their  material  and  the  case  is 
likely  to  be  proven  soon.  Within  the  past  year  the  City  of  Pitts¬ 
burgh  has  laid  several  plain  end  water  lines  on  bridges,  among 
them  being  two  16  in.,  across  the  new  Bloomfield  Bridge,  and 
two  24  in.,  across  the  new  Point  Bridge.  The  latter  bridge  being 
the  first  place  where  the  bolts  were  clipped  over  the  end  rings 
The  success  of  these  lines  leads  to  the  hope  that  the  demand  for 
such  water  lines  will  multiply  rapidly.  There  have  been  consid¬ 
ered  recently  plans  for  a  very  large  water  piping  system  likely 
to  be  constructed  in  this  way. 

The  success  in  making  gaskets  to  withstand  gasoline  has 
broadened  the  field  to  cover  oil  lines,  and  several  large  diameter 
lines  around  pumping  stations  have  now  been  carrying  oil  for  a 
few  years,  and  all  reports  are  exceedingly  favorable.  A  new  pos¬ 
sibility  which  I  would  merely  mention  is  the  prospect  of  trans¬ 
porting  acid  by  pipe  line  instead  of  by  tank  cars.  At  one  time 
a  very  highly  respected  Pittsburgh  engineer  and  manufacturer 
recommended  that  natural  gas  to  supply  the  city  should  be  car¬ 
ried  from  the  field  in  tank  cars,  and  about  the  same  time  another 
equally  prominent  citizen  of  this  city  patented  a  device  tor  coax¬ 
ing  gas  in  a  pipe  to  come  down  a  hill  when  it  had  reached  the 
crest  from  the  other  side.  The  world  has  moved  and  pipe  line 
transportation  is  ahead  of  the  procession.  Modern  Pittsburgh 
engineers  have  patented  methods  looking  to  acid  transportation 
and  overcoming  the  most  apparent  difficulties.  The  time  may 
come  soon  when  any  who  doubt  the  feasibility  of  this  will  be 
classed  with  the  man  who  suggested  shipping  our  supply  of  gas, 
which  in  heating  power  now  equals  several  hundred  carloads  of 
coal  per  day,  while  its  bulk,  compressed  as  much  as  safety  would 
permit,  would  probably  fill  50  000  cars  daily. 
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DISCUSSION 


Mr.  L.  C.  Frohrieb  :*  In  addition  to  the  necessity  for  a 
proper  type  of  pipe  joint  for  gas  transmission  lines,  this  question 
is  also  of  great  importance  in  connection  with  hydraulic  work, 
so  I  thought  a  few  examples  of  European  practice  would  be  of 
interest,  see  Fig.  20. 


PATENT  E. 

Fig.  20. 

♦Secretary,  Federal  Engineering-  Company,  Pittsburgh. 
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Joint  “A”  is  similar  to  the  Matheson  joint,  as  manufactured 
and  used  very  extensively  for  gas  lines,  with  the  exception  that 
the  end  of  the  pipe  is  belled  out  for  reinforcement,  while  the 
Matheson  joint  is  reinforced  by  an  additional  steel  band  shrunk 
over  the  end  of  the  pipe. 

Joint  “B”  could  be  described  as  a  combination  between  the 
Matheson  joint  and  the  rubber  packed  coupling  as  used  for  plain 
end  pipe.  In  this  joint  the  belled  out  end  of  the  pipe  takes  place 
of  the  center  ring,  this  pipe  being  further  reinforced  by  the  bolt 
flange,  which  is  so  manufactured  as  to  come  out  close  to  the  end 
of  the  pipe. 

Joint  "C"  is  very  similar  to  the  Van  Stone  joint,  used  so 
extensively  in  this  country  for  steam  lines  and  for  the  piping 
around  the  compressing  station  where  the  use  of  the  rubber 
packed  coupling  would  be  impossible,  and  the  screwed  flange  not 
as  desirable.  This  type  of  joint  is  also  used  on  piping  the  closer 
connections  around  a  compressing  station  where  the  lay-out  of  the 
piping  would  not  permit  the  use  of  a  rubber  packed  coupling,  due 
to  the  fact  that  the  vibration  due  to  the  compressor  and  the 
uneven  thrusts  due  to  fittings  could  not  be  properly  taken  care  of 
except  with  a  solid  connection.  This  joint,  with  the  exception  of 
the  welded  joint,  I  believe  to  be  the  best  connection  for  station 
work,  more  especially  when  steel  flanges  are  used,  as  it  is  excep¬ 
tionally  safe,  durable  and  tight,  and  also  has  the  advantage  of 
being  properly  assembled  with  the  minimum  amount  of  labor. 

Joint  “D”  is  a  riveted  joint  which  allows  the  full  area  of  the 
pipe  at  the  joint  without  restrictions  due  to  laps  and  rivets,  and 
also  permits  greater  ease  in  assembling  than  the  straight  pipe  on 
account  of  it  being,  in  shape,  a  modification  of  the  bell  and  spigot 
joint. 

Joint  “E”  is  a  unique  screwed  flange  which  depends  on  the 
thread  and  flanges  only  for  the  necessary  tension  and  alignment 
(note  the  peculiar  shape  of  thread,  which  is  a  modified  form  of 
the  square  thread),  the  joint  being  made  tight  by  the  shape  of 
the  recess  cut  in  the  pipe  itself,  the  pressure  of  the  fluid  inside  of 
the  pipe  forcing  the  soft  ring  gasket  into  the  smaller  end  of  the 
wedged  shaped  opening.  The  pipe  and  flanges  are  drawn  up 
metal  to  metal. 
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Some  idea  of  the  pressures  and  conditions  under  which  these 
joints  are  being  used  can  be  gained  from  the  following  table,  which 
shows  the  location  of  the  installation,  the  size  and  length  of  the 
pipe,  the  thickness  of  material,  the  pressure  and  the  type  of  joint 
used.  In  this  table  I  would  like  to  call  your  attention  to  a  few 
of  the  sizes  and  pressures : 

PIPE  LINE  AT  RIO  JANEIRO 


Length  .  11  644  ft. 

Diameter  .  20  in.  to  18  in. 

Thickness  of  walls .  0.275  in.  to  1.02  in. 

Hydraulic  head .  3037  ft.  =  1300  lb. 

This  line  was  laid  with  joint  “B? 

PIPE  LINE  AT  LOS  ANGELES 

Length  .  1975  ft. 

Diameter  .  84  in.  to  54  in. 

Thickness  of  walls . 0.665  in.  to  1.259  in. 

Hydraulic  head .  935  ft.  =  400  lb. 

This  line  was  laid  with  joints  “D”  and  “E” 

Besides  calling  attention  to  the  various  types  of  joint,  this 
table  is  of  interest,  as  it  shows  the  development  of  hydraulic 
power  stations  throughout  the  world. 

Plate 


No.  of 

Length 

Diameter 

Thickness — 

Head 

Type 

Location 

Pipe 

of  Line 

Inches 

Inches 

in 

of 

Lines 

in  Feet 

Max.  &  Min. 

Min.  &  Max. 

Feet 

Joint 

Yukon,  North  America  2 

1640-1082 

43 

.688 

D 

Armstrong, 

it 

1 

2756 

16-12 

.236-0.39 

1279 

B 

Jordan  River, 

U 

1 

6332 

36-30 

.314-. 551 

1164 

D 

Vancouver, 

a 

1 

6680 

48 

.496-1.125 

1214 

D 

Feather  River, 

u 

3 

574 

62 

. 393—. 665 

525 

D 

Feather  River, 

a 

1 

509 

25 

.275-. 314 

525 

D 

Nevada, 

u 

1 

3280 

24 

.236-. 511 

984 

D 

San  Joaquin, 

u 

1 

2362 

40-34 

. 559-. 866 

1411 

D 

San  Joaquin, 

a 

1 

2165 

40-34 

.559-. 866 

1411 

D 

Los  Angeles, 

u 

3 

1975 

84-54 

.  665—1.259 

935 

D-E 

Mill  Creek  Kanon, 

u 

1 

1811 

26-20 

.251-. 437 

755 

C 

Battle  Creek, 

u 

1 

3280 

24-20 

.629-. 865 

1804 

C 

Utah, 

u 

1 

3280 

20-18 

.511-. 787 

1968 

C 

Arizona, 

u 

1 

2526 

36-32 

. 51 1-. 665 

1017 

D 

Colorado, 

u 

1 

1099 

30-26 

.255-. 629 

1017 

C 

Woolfenden, 

u 

1 

971 

22-20 

.314-. 433 

919 

C 

Santiago  Papasquiaro, 

u 

1 

99 

30-27 

.275 

46 

A 

Fista  Hermose, 

u 

1 

1444 

22 

.236 

484 

B 

Tux  Pango, 

u 

2 

1509 

63-51 

.393-. 590 

557 

D 

Tux  Pango, 

tt 

1 

1509 

18 

.236-. 275 

557 

B 

San  Louis  Petosi, 

it 

1 

440 

29-26 

.275 

82 

A 

Morelia, 

tt 

1 

1066 

26-22 

. 236— . 275 

338 

B 

Queretaro, 

a 

1 

994 

24 

.236-. 354 

397 

C 

Mexico, 

a 

1 

1837 

16 

.196-. 433 

1148 

C 

Pachuca, 

tt 

I 

2198 

25-21 

.314-. 590 

1279 

B 

Attotonilco, 

a 

1 

263 

21-19 

.  275 

76 

A 

Alameda, 

it 

2 

10562 

42-34 

.314-. 748 

1132 

B 
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Location 

N 

P 

o.  of 
ipe 

Length 
of  Line 

Necaxa,  North 

Lines 
America  0 

in  Feet 
3280 

Necaxa, 

44 

1 

3280 

Oaxaca, 

44 

1 

2132 

Honduras, 

44 

I 

2362 

Valenzia,  South 

America  1 

5117 

Morococha, 

44 

1 

296 

Valparaiso, 

44 

2 

1887 

Valdivia, 

44 

2 

4986 

Valdivia, 

44 

1 

4592 

Argentinien, 

44 

1 

1181 

Araxa, 

44 

1 

447 

Sorocaba, 

44 

3 

2264 

Genna, 

1 

263 

Paranagua, 

44 

1 

1050 

Pretao, 

44 

9 

191 

Caconde, 

44 

1 

135 

Rio  Pardo, 

44 

1 

328 

Santos, 

44 

5 

6560 

Santos, 

44 

I 

302 

Jacare, 

44 

1 

574 

Lavras, 

44 

1 

237 

Lavras, 

44 

1 

538 

Oliveira, 

44 

1 

181 

Agua, 

44 

1 

558 

Rio  De  Janeiro, 

44 

6 

2132 

ii 

44 

1 

2132 

(( 

44 

1 

125 

it 

44 

2 

73 

ii 

44 

1 

1968 

ii 

44 

1 

1972 

ii 

44 

1 

11644 

ii 

44 

1 

135 

ii 

44 

2 

279 

ii 

44 

1 

394 

ii 

44 

1 

81 

ii 

44 

1 

1394 

ii 

44 

1 

332 

it 

44 

1 

351 

ii 

44 

1 

443 

ii 

44 

1 

53 

it 

44 

1 

66 

ii 

44 

1 

263 

Almeria,  Europe . 

1 

2460 

Bildao,  “  . 

1 

460 

Island,  Iceland . 

1 

1312 

Loch  Leven,  Europe . . 

6 

6232 

Iso  verde,  “ 

1 

4592 

Blaschina,  “ 

2 

820 

Ticinetto,  “ 

1 

918 

Arniberg,  “ 

1 

6724 

Lugano,  “ 

1 

2198 

Robbia,  “ 

1 

2460 

Gromo,  “ 

1 

1247 

328 

Pantcharevo,  “ 

1 

Rjukanfos,  “ 

10 

2296 

Vadheim,  “ 

1 

1375 

Aasa,  “ 

1 

3772 

Tyko,  “ 

1 

591 

Tromso,  “ 

1 

1903 

Ketahoen,  Asia . 

1 

207 

Kumamoto,  Japan . 

2 

2854 

Besshi,  “ 

1 

4182 

Ivochi-Kecho,  “ 

1 

2 

141 1 

Tasmanien,  “ 

3936 

853 

Katsuragavva  I,  “ 

6 

Katsuragawa  I,  “ 

1 

853 

Hakone,  “ 

2 

837 

Katsuragawa  I,  “ 

6 

755 

Katsuragawa  II,  “ 

1 

755 

Katsuragawa  III,  “ 

4 

1342 

Kikko-Ashio,  “ 

1 

1771 

Hosso,  “ 

1 

2165 

Kinugawa,  “ 

6 

3608 

Kinugawa,  “ 

1 

3608 

Hitachi,  “ 

1 

640 

Hokkaido,  “ 

4 

361 
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B 
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.236 
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C 
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C 
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A 

39 
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D 
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.275-1.023 

3037 

B 

20 
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36 

A 
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18 
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A 

28 
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A 
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43 

C 

39 
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D 
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98 

D 
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C 

24 
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A 

16 
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C 
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17 
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C 
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A 

41 
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B 

30 
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C 

69 
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B 

20 
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B 
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.354-1.181 
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37 
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B 
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26 
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C 

55 
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C’ 
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D 
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.314-433 
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18-15 
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26 
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B 
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A 
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D 
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B 
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B 
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B 
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E 
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B 
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C 
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B 
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Mr.  M.  B.  Layton  :*  I  desire  to  say  for  the  manufacturers 
of  couplings  for  plain  end  pipe  that  they  have  done  more  to 
lengthen  the  life  of  the  natural  gas  industry  than  any  other  device 
that  has  been  tried  out.  It  has  enabled  us  to  conserve  and  to  save 
millions  of  feet  of  gas  in  a  year.  With  a  screw  joint  line  the 
leaks  were  going  24  hours  a  day.  There  is  no  end  to  them.  This 
type  of  coupling  has  saved  the  situation,  and  those  who  are  today 
using  natural  gas  throughout  the  United  States  can  thank  these 
manufacturers  for  the  low  price  at  which  they  are  able  to  buy  gas. 

We  have  watched  the  development  with  great  interest  and 
have  had  our  own  troubles  trying  out  the  various  couplings,  and 
we  are  pleased  to  state  that  these  have  been  successful  in  making 
a  coupling  for  plain  end  pipe  which  does  stop  the  leaks  by  making 
a  tight  joint.  Our  company  is  using  some  of  Mr.  Lord’s  coup¬ 
lings,  also  the  Dayton,  Hammon  and  Dresser,  and  they  are  sat¬ 
isfactory. 

The  only  serious  trouble  we  are  having  at  the  present  time  is 
to  get  a  packing  ring  that  will  resist  gasoline  and  heat.  The 
rubber  manufacturers  have  gone  to  considerable  expense  in  the 
way  of  experiments  to  get  one  that  will  stand,  and  we  are  trying 
them  out,  hoping  to  find  something  that  will  do  the  work. 

Mr.  D.  O.  Holbrook  :y  As  Mr.  Lord  has  said,  the  greatest 
trouble  we  have  had  in  the  last  four  or  five  years  has  been  due  to 
gasoline  content.  This  has  been  overcome  by  the  rubber  people, 
who  are  now  putting  out  a  compound  which  they  guarantee 
against  the  action  of  gasoline  for  five  years.  It  has  been  in  use 
for  about  two  years.  They  charge  enough  for  it,  so  that  they 
can  probably  afford  to  guarantee  it.  I  said  to  one  of  their  men, 
“What  is  this  that  goes  under  the  name  of  Paranite?”  He  said, 
“It  is  none  of  your  business.  It  is  so  much  a  pound.’’  So  we  are 
up  against  that  business  of  purchasing  trade  name  materials. 
There  are  several  who  are  getting  out  compounds  of  that  nature. 

I  am  probably  a  little  prejudiced  in  favor  of  my  own  coup¬ 
ling,  but  I  have  been  wondering  if  Mr.  Lord  has  tried  to  get 

♦Assistant  Manager,  Manufacturers  Light  and  Heat  Company,  Pitts¬ 
burgh. 

fVice  President,  Dayton  Pipe  Coupling  Company,  Oliver  Building, 
Pittsburgh. 
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any  of  these  new  designs  of  couplings  with  the  hook  holt  in  actual 
line  construction. 


The  Author:  The  hook  bolt  itself  has  not  been  used.  On 
the  line  I  spoke  of  on  the  Point  Bridge  we  applied  this  principle, 
using  clips  on  each  end  of  the  bolts,  as  we  did  not  have  hooks 
made  at  the  time.  \Ye  have  tried  them  in  extensive  tests,  but  in 
actual  service  we  are  only  now  ready  to  use  them.  W’e  have 
tested  the  device  up  to  1400  lb.  pressure,  and  I  think  that  is 
enough. 

Mr.  D.  O.  Holbrook  :  A  very  important  thing  about  these 
couplings  is  that  the  rubber  must  be  evenly  compressed  when  the 
coupling  is  being  put  on.  I  was  wondering  what  your  experience 
has  been  as  to  whether  you  could  put  that  hook  bolt  on  and 
tighten  it  up  sufficiently  to  prevent  its  dropping  out  of  place  when 
a  second  bolt  is  put  on  the  opposite  side. 

The  Author  :  The  common  practice  is  to  tighten  up  two 
bolts  on  opposite  sides,  then  later  the  bolters  come  on  and  put  in 
the  finishing  bolts.  After  the  two  bolts  are  put  on  the  pulling  is 
comparatively  slight.  Pulling  l/s  to  34  in-  would  be  more  than  any 
one  would  ever  think  of,  because  the  total  pull  after  those  two 
bolts  are  on  will  never  exceed  l/\  or  ^  in.,  and  this  is  not  all  taken 
up  at  once. 

Mr.  D.  O.  Holbrook:  You  made  the  assertion  that  the 
weak  point  of  the  rolled  steel  flange  in  comparison  with  the  malle¬ 
able  is  that  it  is  not  stiff  and  rugged,  but  our  experience  has 
shown  that  the  strength  of  a  ^  in.  bolt  is  about  18  000  lb.,  and 
we  stretch  those  bolts  before  our  end  ring  gives  in  any  way,  which 
ought  to  give  sufficient  strength. 

The  Author:  My  attention  has  been  called  to  not  only  our 
own,  but  your  and  every  other  manufacturer’s  couplings  having 
the  same  tendency,  particularly  under  the  newer  gaskets,  such  as 
Paranite.  Some  couplings  that  stood  up  well  with  the  common 
soft  rubber  have  a  tendency  to  bend  forward  under  the  strain  of 
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compressing  Paranite.  Complaint  was  made  of  several  different 
manufacturers,  and  in  trying  to  get  a  new  idea  of  our  own  we 
tried  to  steer  clear  of  that  difficulty.  At  the  convention  in  Cin¬ 
cinnati  last  month  a  gentleman  from  West  Virginia  told  me  that 
he  had  stacks  of  old  rings  pulled  out  of  shape. 

Mr.  Chester  B.  Albree:*  I  am  interested  in  this  discus¬ 
sion  in  a  personal  way.  Some  years  ago  I  was  asked  by  the 
Philadelphia  Company  to  design  some  clamps  in  competition  with 
the  Dresser  clamp.  The  Dresser  clamp  at  that  time  was  a  malle¬ 
able  clamp  of  a  girder  section,  and  they  wanted  one  made  of 
wrought  steel.  We  talked  it  over  and  I  designed  a  clamp  which 
I  thought  would  do  the  business,  but  it  was  in.  thick  on  the 
flange  and  we  had  special  rolls  made.  They  were  bent  and  tested ; 
their  facilities  for  testing  permitted  tests  up  to  about  four  or 
five  hundred  pounds  to  the  square  inch.  We  used  real  rubber 
gaskets  and  they  held  tight.  We  devised  a  machine  to  bend  these 
clamps  to  the  proper  diameter.  We  were  making  clamps  for 
16  in.  pipe,  the  ring  being  made  in  halves,  the  two  halves  joined 
with  an  overlapping  joint  that  could  be  bolted.  The  tests  were 
exceedingly  good,  but  the  weight  was  a  little  heavy.  The  Phila¬ 
delphia  Company  wanted  it  very  much  cheaper,  and  their  engi¬ 
neers  suggested  that  it  was  not  necessary  to  be  Y  in->  T  could  be 
5/16  in.  just  as  well.  I  told  them  my  best  engineering  calcula¬ 
tions  showed  that  it  would  not  be  strong  enough  and  would  bend. 
They  insisted  that  it  should  be  made  5/16  in.  I  said,  “It  is  up  to 
you,  but  I  do  not  think  it  will  stand.  We  can  make  you  a  sample 
and  forge  it  out  by  hand  and  bend  it  and  try  it.”  But  they  were 
not  willing  to  do  that,  because  we  would  have  to  charge  them 
with  the  expense,  and  it  is  rather  expensive  to  make  them  by 
hand.  They  ordered  me  to  make  new  rolls  to  make  them  of  this 
smaller  size,  and  they  ordered  4000  sets  of  clamps.  We  made 
them,  and  they  sent  them  down  into  the  West  Virginia  field  and 
they  failed  ;  they  just  bent  right  over,  as  they  were  not  strong 
enough.  Of  course  we  had  a  lawsuit,  and  I  got  paid  for  all  the 
clamps,  but  I  got  disgusted.  Before  I  dropped  it  I  designed  a 
clamp  on  a  different  principle  altogether,  and  we  built  some  and 

♦President,  Chester  B.  Albree  Iron  Works  Company,  Pittsburgh. 
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had  them  tested  and  they  stood.  It  depended  not  on  a  truss,  like 
most  of  these  designs,  but  on  tensional  strength  entirely.  I  got  a 
clamp  that  would  do  the  business,  but  it  was  too  heavy. 

This  clamp  was  designed  to  hold  leaded  joints  tight  in  cast 
iron  sleeves,  and  held  tight  under  800  lb.  per  square  inch  air  pres¬ 
sure.  The  design  was  based  on  the  tensional  resistance  of  a  steel 
ring  to  enlargement  of  its  diameter.  A  very  broad  U.  S.  patent 
was  granted  for  the  design.  The  general  idea  is  shown  in  Fig. 
21,  and  depends  upon  the  fact  that  the  inclined  webs,  bearing  on 
the  inner  end  against  rubber  gaskets  being  pulled  together  by 
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the  bolts,  tend  to  revolve  towards  center  of  joints,  and  hence 
enlarge  the  outer  flanges  in  diameter,  which  tendency  is  resisted 
by  the  tensional  strength  of  the  flange. 

All  that  was  required  was  to  make  web  fairly  stiff  and  to 
make  flanges  of  sufficient  area  to  resist  the  pull  of  bolts  to  enlarg¬ 
ing  diameter  of  flanges. 

Mr.  Elmer  K.  Hiles:  I  was  interested  in  learning  of  some 
pipe  lines  that  had  been  laid  in  San  Francisco  where  the  pipe 
joints  were  made  by  welding  the  ends  of  the  pipe  together  by  the 
oxy-acetylene  process.  Is  there  anyone  present  who  has  had 
experience  with  this  type  of  joint  or  knows  of  such  an  installa¬ 
tion  ? 

Mr.  D.  O.  Holbrook  :  At  our  natural  gas  convention  in 
Cincinnati  last  week  this  system  was  exhibited.  1  here  were  four 
or  five,  possibly  more,  manufacturers  who  are  going  into  this 
field.  Being  in  the  pipe  coupling  business,  l  am  watching  it  care- 


446  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

fully.  It  is  an  unqualified  success  in  a  limited  way.  Where  con¬ 
ditions  are  ideal  for  that  work  it  will  undoubtedly  prove  prac¬ 
ticable.  But  in  field  lines — that  is,  where  we  have  to  lay  a  line  in 
rough  country,  as  in  West  Virginia — I  doubt  very  much  if  it  will 
ever  prove  commercially  practicable.  The  ends  of  the  pipe  have 
to  be  treated  at  the  mill.  Wrought  pipe  today  is  being  sold  for 
about  $30  a  ton.  I  do  not  believe  the  mills  will  go  to  the  trouble 
of  tapering  the  pipe,  which  is  now  furnished  with  a  square  cut,  at 
the  mill.  The  cost  of  an  8  in.  joint  under  ideal  conditions  is 
advertised  as  being  $1.05.  An  8-inch  coupling  sells  for  say  $1.50  ; 
that  $1.50  is  a  figure  used  for  estimating  purposes,  and  if  there 
are  any  inquiries  out  we  will  cut  it.  In  Oklahoma  I  heard  of  16 
men  laying  7600  feet  of  8-inch  pipe  with  Dayton  couplings  in  ten 
hours.  That  shows  the  cost  practically  of  the  application  of  the 
couplings  themselves.  I  do  not  believe  the  welding  proposition 
will  ever  come  into  practical  use  for  field  lines,  although  they  are 
undoubtedly  of  large  use  in  cities.  Is  that  your  experience,  Mr. 
Layton  ? 

Mr.  M.  B.  Layton  :  A  year  ago  I  was  fortunate  enough  to 
be  in  Los  Angeles  and  San  Francisco  and  talked  with  parties  who 
had  installed  the  first  pipe  line  where  they  used  the  welding 
process.  They  are  very  much  elated  with  their  success.  The 
streets  were  ideal  for  laying  a  continuous  line,  being  fairly  level, 
etc.  Mr.  Holbrook  stated,  in  going  over  hilly  ground  that  it 
would  mean  cutting  the  joints  in  short  pieces  and  increasing  the 
number  of  welds.  That  has  been  one  of  the  great  advantages 
with  plain  end  pipe  and  couplings — we  do  away  with  the  bends. 

Mr.  Elmer  K.  Hiles  :  How  would  this  type  of  joint  answer 
through  the  Oklahoma  field  and  for  running  pipe  lines  across  the 
Mississippi  valley  ?  Would  it  not  make  a  very  permanent  installa¬ 
tion  in  such  cases? 

Mr.  M.  B.  Layton  :  I  do  not  think  there  is  any  doubt  that 
it  would,  and  it  would  be  practicable.  An  outfit  to  do  that  kind 
of  work  would  run  in  the  neighborhood  of  $400  to  $500,  and  the 
apparatus  can  be  moved  around  very  rapidly  and  the  work  can 
be  done  with  considerable  speed. 
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Mr.  D.  O.  Holbrook:  The  average  time  of  installation  was 
40  minutes  for  an  8-inch  joint.  Compare  this  with  the  rapidity 
with  which  a  coupled  line  can  be  laid  and  you  see  what  you  are 
up  against.  You  cannot  lay  very  much  pipe  line  with  40  minutes 
to  the  joint. 

Mr.  M.  B.  Layton  :  What  we  need  is  to  eliminate  every 
possible  chance  of  a  leak.  If  a  leak  starts  it  runs  24  hours  a 
day,  every  minute  of  the  time,  and  gas  is  worth  something  if  you 
are  paying  30c  a  thousand  for  it.  Anything  that  will  eliminate  a 
possible  leak  is  valuable,  even  though  the  first  installation  costs 
more  monev. 

j 

Mr.  L.  C.  Frohrieb  :  The  Pittsburgh  Valve  Foundry  & 
Construction  Company  have  experimented  quite  a  little  with  this 
welded  joint,  and  in  their  work  which  they  turn  out  for  steam 
lines  for  station  piping  they  use  a  bell  and  spigot  joint,  in  which 
the  bell  is  formed  by  expanding  the  one  end  of  the  pipe  enough 
to  allow  the  straight  end  to  slip  into  the  bell.  It  is  then  welded  for 
tightness  at  the  outer  edge,  and  riveted  at  the  end  of  the  spigot 
end  of  the  pipe.  Where  they  make  a  Tor  7  they  notch  that  part 
of  the  pipe  which  forms  the  branch  and  turn  the  projections  alter¬ 
nately  outside  and  inside  of  the  pipe,  and  then  the  whole  mass  is 
welded. 

Mr.  J.  Ablett  :*  How  many  men  did  you  say  were  in  the 
gang  that  laid  that  large  amount  of  coupled  pipe,  the  total  num¬ 
ber  of  men? 

Mr.  D.  O.  Holbrook  :  In  laying  a  coupled  line  a  man  goes 
along  with  a  template  and  sees  that  all  the  bolts  are  pulled  up  to 
the  same  distance,  so  that  an  equal  pressure  would  be  on  all  sides. 
Sixteen  men  and  an  inspector  laid  7600  feet  of  8-inch  pipe. 

Mr.  M.  B.  Layton  :  Recently  Mr.  McCloy,  of  the  Phila¬ 
delphia  Company,  informed  me  that  they  were  having  all  con¬ 
nections  brazed  on  main  lines  which  they  are  building.  Those 
already  installed  are  very  satisfactory. 

♦Manager,  Refining  Department,  Atlantic  Refining  Company,  Pitts¬ 
burgh. 
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The  Author:  Do  you  mean  every  joint  in  the  line  or 
merely  the  connections  ? 

Mr.  M.  B.  Layton  :  The  connections. 

The  Author  :  Our  own  company  has  had  a  number  of 
lines  where  they  used  T’s  and  crosses  of  that  kind.  The  thing 
that  puzzles  me  is  how  expansion  and  contraction  and  going  over 
rough  hills  can  be  taken  care  of  in  a  welded  line.  I  know  that 
screwed  lines  will  pull  apart  under  such  conditions,  and  I  do  not 
see  why  welded  lines  would  not  have  some  of  the  same  trouble. 

In  line  with  what  Mr.  Holbrook  has  said,  our  company  has 
laid  9000  feet  of  16-inch  pipe  in  Kansas  in  one  day.  That  is  our 
best  record.  I  would  not  say  the  exact  number  of  men,  but  25 
or  30  men  in  the  gang  laid  9000  feet  of  16-inch  pipe. 

Mr.  D.  O.  Holbrook:  Were  they  in  one  gang? 

The  Author:  In  one  gang;  yes,  sir. 

Mr.  F.  S.  Austin  :*  I  am  very  much  interested  in  the  weld¬ 
ing  of  pipe,  for  one  reason  because  I  sell  the  apparatus  to  do  the 
welding,  and  for  another  that  I  was  doing  piping  work  in  the 
Navy  quite  a  number  of  years  on  torpedo  boats  and  light 
cruisers.  I  have  here  some  notes  which  I  prepared  during  the 
last  few  days. 

I  have  endeavored  to  compile  all  the  data  possible  without 
going  into  the  generation  of  the  gases  used,  as  you  are  all  familiar 
with  the  oxygen  and  acetylene  tanks  which  the  producing  com¬ 
panies  furnish  for  oxy-acetylene,  or,  as  it  is  commonly  termed, 
autogenous  welding. 

Oxygen  is  invariably  the  combustion  agent  used  in  auto¬ 
genous  welding  and  has  a  density  of  1.105,  and  at  atmospheric 
pressure  one  cubic  foot  weighs  0.08921  pounds. 

Acetylene  is  a  hydro-carbon  gas  consisting  of  92.3  percent 
carbon  and  7.7  percent  hydrogen. 

♦Resident  Manager,  Davis-Bournonville  Company,  Pittsburgh. 
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Its  specific  gravity  or  density  is  0.91,  and  one  cubic  foot  of 
gas  weighs  0.074  pounds.  One  pound  of  the  gas  occupies  under 
standard  temperature  and  pressure  13.65  cubic  feet. 

A  portable  welding  outfit  consists  of : 

1 — Oxygen  cylinder,  100  or  200  cu.  ft.  capacity; 

1 — Acetylene  cylinder  ; 

1 — Oxygen  regulator,  with  gauges  for  working  and  tank 
pressures ; 

1 — Acetylene  regulator,  with  gauges  for  working  and  tank 
pressures ; 

1 — Torch,  with  various  size  tips  to  permit  all  sizes  of  weld¬ 
ing  operations ; 

Necessary  rubber  tubing  to  connect  the  torch  to  regulating 
valves ;  and  a 

Pair  of  black  glasses  for  the  operator. 

The  whole  outfit  is  quite  light  and  takes  up  very  little  space, 
and  can  be  moved  very  easily.  The  entire  outfit  will  not  exceed 
$175,  and  with  a  cutting  torch  will  not  run  over  $285. 

1  he  oxygen  pressure  reducing  valves,  or  regulators,  are  fitted 
with  two  pressure  gauges,  one  for  indicating  the  pressure  in  cyl¬ 
inder  and  one  for  working  pressure,  which  varies  between  2-lb. 
and  20-lb.,  depending  on  the  size  of  tip  used. 

Similar  pressure  reducing  valves  are  used  for  dissolved  or 
compressed  acetylene  cylinders.  The  working  pressure  varies 
between  1-lb.  and  6-lb.,  depending  on  size  of  tip.  For  good 
welding  results  it  is  essential  that  the  volumes  of  oxygen  and 
acetylene  issuing  from  tip  of  torch  should  remain  constant.  The 
most  important  means  to  insure  this  are  efficient  regulators  on  the 
gas  lines,  especially  against  the  gradually  diminishing  pressure  of 
gas  in  the  cylinders. 

\\  elding  torches  are  divided  in  two  general  classes,  namely, 
“low  pressure*’  and  “medium  high  pressure/’  and  the  careful 
buyer  should,  before  investing,  satisfy  himself  that  he  is  getting  a 
torch  which  will  answer  his  requirements  and  perform  his  work 
in  a  satisfactory  manner. 

The  question  of  economy  is  one  of  great  importance,  as  some 
torches  utilize  the  gases  in  the  proportion  of  1.00  part  of  acety- 
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lene  to  1.14  part  of  oxygen,  while  other  torches  require  as  much 
as  two  parts  of  oxygen  to  one  of  acetylene. 

It  is  therefore  easily  seen  that  a  great  amount  of  oxygen 
may  be  wasted  by  using  poorly  constructed  torches,  and  an  excess 
of  oxygen  is  also  detrimental,  resulting  in  inferior  welds. 

W  ith  the  medium  high  pressure  torch  the  two  gases  are 
delivered  to  the  torch  under  an  appreciable  pressure,  the  acetylene 
being  only  slightly  less  than  the  oxygen,  and  the  two  gases  meet 
in  the  tip  at  right  angles.  The  result  is  that  a  perfect  mixture  of 
the  two  gases  is  thus  obtained ;  the  ratio  is  approximately  1.14 
part  of  oxygen  to  1.00  part  of  acetylene.  An  absolute  neutral 
flame  is  thus  obtained,  which  is  neither  oxydizing  or  carbonizing, 
resulting  in  welds  of  a  maximum  strength  at  minimum  cost. 

The  oxy-acetylene  cutting  torch  is  so  constructed  as  to  permit 
the  use  of  a  preheating  flame,  as  well  as  a  jet  of  pure  oxygen. 

As  in  the  case  of  the  welding  torch,  the  cutting  torches  are 
divided  into  two  general  classes,  “low  pressure”  and  “medium 
high  pressure.”  The  tip  of  the  low  pressure  torch  has  from  four 
to  six  preheating  flames,  arranged  in  a  circular  form,  round  the 
cutting  jet.  Inasmuch,  as  in  the  cutting  operation,  it  is  necessary 
that  only  one  flame  precede  the  cutting  jet  of  oxygen,  the  remain¬ 
der  are  unnecessary  and  not  only  waste  gases,  but  also  tend  to 
fuse  the  two  sides  of  the  section,  which  have  been  cut. 

With  the  high  pressure  cutting  torch  only  two  preheating 
flames  are  used,  one  preceding  and  one  following  the  cutting  jet. 

The  welding  of  1000  feet  of  4-inch  gas  main  by  the  Phila¬ 
delphia  Suburban  Gas  &  Electric  Company  in  the  summer  of  1911 
is  said  to  be  the  first  application  of  the  process  to  such  a  purpose 
in  this  country,  though  not  new  in  Germany  or  France. 

The  pipe  was  standard  4-inch  wrought  iron,  thickness  of 
metal  *4  in*  Autogenous  welds  were  made  without  straps  or 
other  material  excepting  a  little  added  metal  to  fill  the  “V”  shaped 
groove. 

Considerable  rough  handling  was  given  this  welded  pipe  to 
determine  the  strength  of  the  welds — handling  which  would 
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doubtless  have  broken  or  started  a  leak  in  all  the  unions  as  ordi¬ 
narily  made. 

Seventeen  lengths  were  welded  together — 340  feet  of  pipe — 
along  the  roadside.  The  pipe  was  then  rolled  over  to  the  edge  of 
the  ditch,  and  a  gang  of  men  with  bars  at  each  end  and  in  the 
middle  of  the  340  foot  length  raised  the  pipe  over  the  loose  dirt 
and  dropped  it  in  the  5  ft.  ditch,  and  then  a  block  and  tackle  was 
hitched  to  the  welded  pipe  and  the  whole  1 7  lengths  drawn  up 
5  ft.  to  meet  end  of  the  other  pipe  and  welded. 

During  these  stages  of  the  work  pressure  tests  were  applied 
and  three  pin-hole  leaks  discovered.  They  were  welded  and  the 
pressure  applied  to  the  whole  pipe  and  left  over  night  without 
any  loss  in  pressure. 

The  final  test  of  this  pipe  was  made  by  welding  an  extra 
20  ft.  length  on  this  pipe  and  then  a  pole  was  inserted  in  end  of 
pipe  and  the  pipe  was  bent  to  an  angle  of  45  degrees,  the  full 
strain  of  bend  coming  on  the  welded  joint  without  affecting  it, 
and  proving  the  homeogenitv  of  the  weld,  and  any  break  in  the 
main  is  quite  as  likely  to  occur  in  the  middle  of  a  section  as 
where  welds  were  made. 

San  Francisco  has  to  date  over  200  000  ft.  in  sizes  2-inch  to 
16-inch  welded  high  pressure  mains,  with  over  100  000  feet  of 
4-inch  to  16-inch  welded  pipe  on  the  exposition  grounds. 

The  8-inch  pipe  was  welded  in  lengths  of  1000  feet  and  then 
dropped  in  ditch.  Six  lengths  of  16-inch  pipe  welded  together, 
weighing  6000  lb.,  before  lowering  into  ground  was  tested  first 
by  chain  supporting  the  pipe  back  of  weld,  one  section  weighing 
1000  lb.  hanging  on  its  weld,  after  which  the  various  sections 
were  lowered  into  the  ground  and  tested  with  air  compressed  to 
150  lb.  per  sq.  in.,  and  after  gauge  readings,  showing  the  line  to 
be  tight  at  end  of  24  hours,  the  usual  soapy  water  was  applied  to 
each  joint  for  further  assurance  of  the  absolute  tightness  of  each 
joint. 

All  crosses,  tees,  drips,  governor  connections,  etc.,  installed 
in  Exposition  grounds  were  placed  by  the  oxy-acetylene  process, 
and  only  Davis-Bournonville  equipment  was  used. 
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COST  OF  BUTT 

SOCIETY  WESTERN 

WELDING  PIPE 

Thick- 

PENN  A. 

Size 

Labor 

Oxygen 

Acety. 

Wire 

ness 

Tip 

Oxygen 

Acetylene 

Total 

Pipe 

@  42c 

(g»  2c 

@  2c 

@  10c 

of  Pipe 

No. 

Pressure 

Pressure 

Cost 

4 

6  Min. 

2.84  cf 

2.49  cf 

5  oz. 

15/64" 

6 

12 

6 

$0.1819 

6 

12  “ 

5.68  “ 

4.98  “ 

8  “ 

9/32" 

5/16" 

6 

12 

6 

0.3472 

8 

16  “ 

7.58  “ 

6.65  “ 

12  “ 

6 

12 

6 

0.4766 

10 

18  “ 

8.53  “ 

7.48  “ 

16  M 

5/16" 

6 

12 

6 

0 . 5462 

12 

26  “ 

12.32  “ 

10.81  “ 

20  “ 

21/64" 

6 

12 

6 

0.7746 

16 

42  “ 

33.18  “ 

29.40  “ 

32  * 

3/8" 

8 

16 

6 

1 . 7556 

Size 

Labor 

AVERAGE  COST  OF  PIPE  CUTTING 

Four  cuts  made  on  each  size. 

Thick- 

Oxygen  Acety.  Wire  ness  Tip  Oxygen 

Acetylene 

Total 

Pipe 

@  42c 

@  2c 

<&  2c 

@  10c 

of  Pipe 

No. 

Pressure 

Pressure 

Cost 

4 

0.625 

0.781 

0.125 

15/64" 

2 

20 

3 

0 . 0224 

6 

0.87 

1.087 

0.174 

9/32" 

2 

20 

3 

0.0313 

8 

1 . 5 

1 . 775 

0.3 

5/16" 

2 

20 

3 

0.0520 

10 

1.77 

2.118 

0.355 

5/16" 

2 

20 

3 

0.0618 

12 

2.1 

2.625 

0.42 

21/64" 

2 

20 

3 

0.0756 

16 

3.62 

4.531 

0.725 

3/8" 

2 

20 

3 

0.1304 

COMPARATIVE  COSTS,  BY  PACIFIC  GAS  &  ELECTRIC  COMPANY 

Welder  at  47c  per  hour.  Gases  at  2c  per  cu.  ft. 


Cost  of  Labor 

Total  Cost 

Cost  for 

Size  of 

Welding 

Placing  and 

of  Welded 

Dresser 

Pipe 

Time 

Turning  Pipe 

Joints 

Couplings 

2"  I.D. 

3  Min. 

$0.09 

$0.18 

$0.53 

4"  O.D. 

6  “ 

0.165 

0.34 

0.69 

6"  O.D. 

10  “ 

0.245 

0.52 

1.29 

8"  O.D. 

15  “ 

0.33 

0.70 

1.49 

10"  O.D. 

16  u 

0.365 

0.80 

2.09 

16"  O.D. 

40  “ 

0.460 

2.50 

3.89 

The  oxy-acetylene  process  of  welding  pipe  is  no  longer  to 
be  considered  as  merely  an  experiment,  but  to  be  successfully 
employed  it  must  be  applied  with  intelligence.  The  art  is  still  in 
a  state  of  development,  although  we  believe  that  the  apparatus  for 
producing  the  proper  flame  under  right  conditions  has  nearly 
approached  perfection. 


Mr.  D.  O.  Holbrook  :  You  speak  of  the  time  of  fifteen 
minutes  for  an  8-inch  weld.  That  is  the  total  time  of  welding,  is 
it  not  ?  It  does  not  make  any  provision  for  moving  the  apparatus 
from  one  joint  to  another? 


Mr.  F.  S.  Austin  :  That  is  the  total  time  of  welding.  The 
time  of  moving  the  apparatus  from  one  place  to  another  would 
be  considered  in  “turning  and  placing  pipe.” 
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Mr.  D.  O.  Holbrook  :  I  have  been  given  the  figures  of  10 
minutes  as  the  average  time  of  making  a  weld  in  8-inch  pipe.  Is 
that  right? 

Mr.  F.  S.  Austin  :  Xo,  that  is  away  over  these  figures, 
which  were  given  us  by  the  Pacific  Coast  Gas  Co.  In  our  own 
shop  we  tested  out  some  figures  to  check  up  on  them  and  our 
time  on  an  8-inch  line  was  16  minutes.  Our  cost  on  it  was  47c. 
but  we  did  not  figure  the  placing  of  the  pipe  in  the  field. 

Mr.  D.  O.  Holbrook  :  I  obtained  my  figures  from  a  man 
who  said  he  was  familiar  with  it,  one  of  your  competitors,  and 
that  40  minutes  was  the  average  time  that  it  took  to  move  your 
apparatus  from  one  joint  to  another  and  make  the  weld,  prob¬ 
ably  over  a  number  of  welds,  I  don’t  know  how  many.  But  if  it 
takes  15  minutes  for  the  actual  work  I  should  think  35  to  40 
minutes  would  be  the  average  time  setting  up  and  going  from 
one  point  to  another. 

Mr.  F.  S.  Austin  :  If  you  use  a  short  length  of  hose  and 
change  for  every  joint  it  might  take  that  long,  but  taking  50  to 
100  ft.  of  hose  you  can  cut  some  time  off  moving  the  apparatus. 
Further,  the  tanks  may  be  mounted  on  a  two-wheel  truck  that 
can  be  pulled  very  readily  from  one  joint  to  another.  Here  in 
Pittsburgh  one  company  is  going  to  weld  1000  feet  of  5-inch 
steam  line.  They  first  talked  of  welding  butt  joints  but  the  presi¬ 
dent  of  the  Company  thinks  it  would  make  it  less  strong  and  he 
is  going  to  use  a  steel  coupling  and  weld  both  sides,  so  that  it  is 
more  caulking  than  anything  else,  to  prevent  leakage.  In  pre¬ 
paring  this  pipe  I  had  it  up  with  the  National  Tube  Company 
about  a  year  ago.  They  told  me  there  was  no  extra  cost  of  pre¬ 
paring  the  end  of  the  pipe.  They  can  make  a  tool  which  will  cut 
the  pipe  off  and  make  the  45  deg.  bevel  at  the  same  time.  On 
ordinary  jobbing  work  it  makes  only  $1.00  difference  in  the  cost 
of  the  pipe  and  on  30  miles  or  more  it  is  largely  a  matter  of  ad¬ 
justment  between  the  purchaser  and  the  manufacturer. 
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The  Author:  In  regard  to  that  15  minutes,  isn’t  that  like 
the  case  of  Mr.  Holbrook,  wasn’t  that  a  case  of  one  trial  joint ? 
1  had  an  interview  with  the  Oxy-Acetylene  Welding  Co.  repre¬ 
sentative  at  Cincinnati,  and  he  told  me  about  a  4-inch  pipe  they 
were  welding  in  20  minutes  and  I  asked  the  same  question  Mr. 
Holbrook  asked,  whether  that  included  getting  ready  or  just  the 
actual  time  from  the  time  the  man  applied  the  heat  until  he  quit. 
He  said  that  was  the  actual  time  from  beginning  to  apply  the  heat 
on  to  quitting.  You  would  count  at  least  30  minutes  to  a  4-inch 
job,  I  said,  and  he  answered,  “Yes.” 

Mr.  F.  S.  Austin  :  My  figures  were  given  me  by  the  super¬ 
intendent  over  the  whole  welding  job  at  San  Francisco,  I  do  not 
remember  his  name. 

The  Author:  That  may  be  like  a  case  I  had  in  my  own 
experience  laying  screw  line  in  Wyoming,  where  the  workmen 
had  not  been  in  town  for  90  days.  I  told  them  as  soon  as  we  got 
the  line  flanged  up,  we  were  going  into  town.  They  laid  nine 
joints  of  6-inch  screwed  pipe  in  eight  minutes,  and  23  joints  in 
25  minutes.  Naturally  they  would  not  do  that  under  ordinary 
circumstances. 

Mr.  F.  S.  Austin  :  You  could  not  use  ordinary  workmen 
on  this  job,  but  would  require  a  trained  operator.  We  use  less 
oxygen  in  our  welding  than  the  company  you  spoke  of  and  we 
weld  very  much  quicker.  We  do  not  burn  or  tend  to  carbonize 
the  material  to  be  welded.  I  did  not  give  figures  of  the  perform¬ 
ance  of  competitors’  equipment,  believing  that  they  would  be 
out  of  place  in  this  discussion. 

Mr.  W.  C.  Hawley  :*  I  cannot  say  anything  in  regard  to 
joints  for  gas  and  oil  lines;  my  experience  has  been  entirely  with 
water.  The  author  of  the  paper  spoke  of  lead  wool  and  ex¬ 
pressed  the  opinion  that  it  ought  to  be  in  more  general  use.  The 
difficulty  with  lead  wool  is,  in  the  first  place  it  costs  twice  as 
much  as  pig  lead,  and  it  has  to  be  calked  from  the  bottom  of  the 


♦Chief  Engineer,  Pennsylvania  Water  Company,  Wilkinsburg,  Pa. 
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joint  to  the  face,  and  it  is  consequently  a  very  expensive  joint. 
It  requires  much  more  labor  in  calking  than  the  ordinary  lead 
joint  cast  in  place.  For  repair  work,  however,  especially  where 
there  is  water  to  contend  with,  it  is  an  excellent  material  and  is  in 
quite  general  use. 

Another  material  which  has  come  into  the  market  within  a 
few  years  for  making  joints  in  cast  iron  water  pipe  is  known  as 
leadite.  It  is  about  50  percent  sulphur  and  has  been  used  very 
successfully.  The  material  is  melted  and  the  joint  is  run  just  as  a 
lead  joint  is,  but  with  a  gate  about  six  (6)  inches  high,  because 
the  leadite  is  so  much  lighter  than  lead  that  it  recpiires  a  higher 
gate  to  fill  the  top  of  the  joint.  Leadite  costs  about  twice  as 
much  per  pound  as  lead,  but  being  much  lighter  costs  less  per 
unit  of  volume ;  besides,  it  requires  no  calking.  As  a  consequence 
a  leadite  joint  costs  about  one-half  as  much  as  a  lead  joint.  It 
requires  some  experience  to  make  good  joints  with  leadite,  as  it 
has  its  own  individual  peculiarities,  and  yet  it  is  no  more  difficult 
to  handle  when  understood  than  is  lead.  In  many  respects  it  is 
much  easier  to  handle  than  lead.  A  small  percentage  of  leadite 
joints  will  leak  when  first  tested  under  pressure,  but  leakage 
usually  stops  within  24  hours,  and  if  it  does  not  a  leadite  joint 
is  easily  repaired.  As  a  result  of  the  economy  in  the  use  of 
leadite  and  its  other  good  points,  it  is  quite  rapidly  coming  into 
favor  as  a  material  for  making  joints  in  cast  iron  water  pipe. 

Mr.  J.  Ablett  :  I  am  not  a  pipe  line  man  and  am  not 
familiar  with  that  work.  But  I  am  very  much  interested  in  it. 
There  has  been  one  thing  touched  upon  that  is  not  clear  to  me 
yet,  and  that  is  how  to  take  care  of  the  expansion  and  contrac¬ 
tion  in  welded  lines.  We  used  to  put  expansion  joints  in  the 
line.  They  make  such  lines  now  1000  and  2000  ft.  long,  and  how 
do  they  take  care  of  the  expansion? 

Mr.  O.  A.  R.  Wikander:*  1  think  this  question  of  expan¬ 
sion  and  contraction  in  a  welded  line  is  very  much  similar  to 
welded  rails.  We  always  used  to  take  care  of  the  expansion  and 
contraction  of  rails  until  about  ten  years  ago  we  began  to  make 

♦Sales  Engineer,  Hall  Steam  I’ump  Company,  Pittsburgh. 
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welded  rails  and  the  same  question  came  up.  In  that  case  the 
contraction  and  expansion  were  not  taken  care  of  and  heavy 
strains  were  produced  in  the  rails.  The  pavement,  however,  was 
found  to  form  a  sufficient  support  so  that  the  rails  did  not  bend 
out  of  place. 

Mr.  L.  C.  Froiirieb:  Replying  to  Mr.  Ablett’s  question  as 
how  expansion  and  contraction  would  be  taken  care  of  in  a 
welded  pipe  line,  I  would  say  this  could  be  taken  care  of  in  the 
same  manner  as  we  take  care  of  expansion  and  contraction  in 
screwed  lines.  This  expansion  and  contraction  is  taken  care  of 
by  weaving  the  line  in  the  ditch,  and,  if  possible,  laying  it  below 
the  frost  line,  for  the  deeper  it  is  buried  the  less  the  difference  in 
temperature  would  be  in  the  line  due  to  outside  temperature. 

Mr.  Charles  D.  Terry  :t  Articles  describing  the  laying  of 
welded  lines  state  that  the  expansion  and  contraction  are  taken 
care  of  in  the  manner  just  mentioned,  by  laying  the  pipe  in  an 
irregular  line  in  the  ditch.  This  method  seems  to  be  satisfactory. 

With  reference  to  the  speed  at  which  plain  end  pipe  with 
rubber  gasket  couplers  can  be  laid,  one  factor  in  the  proposition 
is  the  number  of  joints  per  mile.  This  depends  upon  the  length 
of  the  pipe.  The  National  Tube  Company  makes  pipe,  of  the 
sizes  commonly  used  in  gas  lines,  in  lengths  ranging  from  35  ft. 
to  40  ft.  This  materially  decreases  the  number  of  couplings 
required  and  lowers  the  cost  of  the  installation  of  the  line. 

We  are  all  indebted  to  Mr.  Lord  for  his  able  presentation  of 
this  subject  and  particularly  for  the  information  which  he  has 
given  to  us  concerning  the  application  of  rubber  joint  couplings 
to  plain  end  pipe,  for  the  transportation  of  fluids  and  gases. 

In  the  oil  and  gas  fields  there  is  the  problem  of  the  trans¬ 
portation  of  the  product,  but  prior  to  that  there  is  the  struggle  to 
obtain  the  oil  or  gas  which  is  to  be  transported.  And  in  this 
struggle  the  coupling  of  lengths  of  pipe  plays  a  very  important 
part.  There  is  one  form  of  threaded  joint  which  may  be  of 
interest  to  you. 

•[Assistant  to  Gen’l  Supt.,  National  Tube  Company,  Frick  Building. 
Pittsburgh. 
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With  the  rotary  drilling  method,  used  so  largely  in  the  south¬ 
ern  fields  and  now  forging  ahead  in  California,  there  has  been 
waged  a  never-ceasing  battle  between  the  drilling  machine,  as 
driven  by  the  driller,  on  one  side  and  on  the  other  side,  the  drilling 
stem  made  of  pipe. 

First,  ordinary  standard  pipe,  or  line  pipe,  was  used,  and  if 
the  strain  imposed  by  rapid  feeding  downward,  or  encountered 
by  reason  of  a  hard  stratum,  was  too  great,  the  drilling  machines 
broke.  The  builders  of  the  machines  strengthened  them  until  it 
was  the  drilling  stem  of  pipe  and  not  the  machine  which  gave 
way.  Then  heavier  pipe  with  longer  threads  and  stronger  coup¬ 
lings  came  into  use  and  the  drilling  machine  was  again  defeated. 
After  being  designed  on  still  sturdier  lines  the  machine  was  vic¬ 
torious. 

Then  there  came  the  use  of  a  novel  coupling  or  joint,  which 
may  be  of  interest.  With  threaded  tubular  material  the  area  of 
metal  in  the  cross  section  at  the  bottom  of  the  threads  is,  of 
course,  less  than  in  the  unthreaded  portion  of  the  pipe.  Conse¬ 
quently,  with  a  destructive  torsional  strain,  the  material  twisted 
off  at  the  threaded  portion.  To  overcome  this,  with  the  coupling 
to  which  I  refer,  the  pipe,  before  threading,  is  upset  so  that  the 
area  of  cross  section  below  the  bottom  of  the  threads  is  fully  as 
great  as  that  of  the  unthreaded  portion  of  the  pipe.  See  Fig.  22. 
This  radical  improvement  again  vanquished  the  drilling  machine. 


Typical  Section  of  Special  Upset  Rotary  Pipe  Coupling  and  Joint 

Fig.  22. 


But,  like  the  armor  and  projectile  contest,  the  drilling  ma¬ 
chine  builders  again  strengthened  their  machine  until  the  ma¬ 
chines  were  strong  enough  to  twist  the  pipe.  The  couplings  had 
thus  triumphed  over  the  two  lengths  of  pipe  which  it  joined. 
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It  was  then  necessary  to  look  to  improvement  along  lines 
other  than  that  of  the  coupling,  and  at  present,  for  the  hardest 
service,  there  is  used  a  special  high-grade  seamless  tubular  mate¬ 
rial  with  the  upset  ends  and  with  special  long  couplings  with  a 
larger  thread  area. 

This  principle  of  the  upset  end  tubular  material  has  been 
applied  to  well  casing  which  is  to  be  used  in  strings  which  are  of 
more  than  the  usual  length.  I  know  of  two  strings  of  such 
casing,  each  of  which  is  more  than  6000  ft.  long.  With  the 
largest  one,  the  weight  suspended  from  the  top  coupling  and  sup¬ 
ported  entirely  by  it,  just  before  the  string  was  landed,  was  some¬ 
thing  over  65  tons. 


Mr.  J.  Ablett:  Are  you  speaking  of  the  inner  casing? 

Mr.  Charles  D.  Terry:  Yes,  the  rotary  drilling  system 
which  is  used  so  extensively  in  Louisiana  and  Texas  and  which 
is  now  quite  widely  used  in  the  California  fields. 

The  Author:  I  feel  that  the  matter  has  already  been  very 
thoroughly  discussed  and  I  appreciate  the  interest  shown  in  this 
subject,  which  is  naturally  of  great  interest  to  me,  whether  it  be 
in  the  line  of  rubber  sealed  couplings,  welded  joints,  or  any 
other  method  of  connecting  pipe.  I  was  particularly  interested 
in  Mr.  Frohrieb’s  presentation  of  the  joints  developed  in  Ger¬ 
many,  although  it  is  quite  evident  that  America  has  surpassed 
Europe  in  improvement  of  piping  systems.  It  is  worth  noting 
that  when  Europeans  want  something  big  in  the  way  of  a  pipe 
line  they  come  here  for  it. 

I  desire  to  thank  Mr.  Layton  for  his  kind  words  for  the 
coupling  makers.  We  can  return  the  compliment,  as  but  for  the 
natural  gas  men  we  would  not  be  in  the  business  now.  How¬ 
ever,  the  wider  fields  opening  for  the  trade  now  make  us  less 
dependent  upon  the  one  industry. 


THE  INFLUENCE  OF  THE  CUSHING  POOL 
IN  THE  OIL  INDUSTRY 


By  Roswell  H.  Johnson*  and  L.  G.  Huntleyj 

i  he  Cushing  Pool,  in  Creek  County,  Oklahoma,  since  the 
first  of  the  present  year  has  been  producing  oil  at  a  greater  rate 
than  it  has  ever  been  produced  from  any  other  pool  in  the  world 
up  to  this  time.  See  Plate  1.  Since  the  first  of  the  year  this  pool 
has  produced  at  the  rate  of  75  000  000  barrels  of  oil  annually — 
more  than  was  ever  produced  during  a  similar  period  by  Baku, 
RussiaJ ;  Midway,  California;  Spindle  Top,  Texas;  Glenn,  in 
Oklahoma;  the  MacDonald  in  Pennsylvania;  the  Juan  Casiano 
in  Mexico ;  or  the  Dos  Bocas  flow  in  the  Mexican  fields,  if  we 
estimate  the  last  as  flowing  200  000  barrels  per  day  for  57  days. 

It  is  not  the  purpose  to  describe  this  pool  in  the  usual  de¬ 
tails,  but  rather  to  discuss  its  peculiarities  and  its  effects. 

Large  production  due  to  better  facilities :  This  large  pro¬ 
duction  is  in  great  part  the  result  of  the  Cushing  pool  coming 
in  at  a  place  and  time  having  better  land,  transportation  and 
marketing  facilities  than  has  been  the  case  in  other  pools.  Some 
of  these  pools  under  similar  favorable  circumstances  might  have 
surpassed  it.  This  in  undoubtedly  true  of  the  Baku  field.  An 
additional  reason  why  the  Cushing  pool  has  been  brought  so 
rapidly  to  a  high  point  of  production  is  an  increased  appreciation 
of  the  necessity  of  using  the  high  initial  pressures  to  get  a  larger 
percentage  of  the  oil  out. 

JThe  method  of  reporting  the  statistics  makes  it  impossible  to  dis¬ 
tinguish  between  the  figures  of  the  North  and  South  pools  at  Cushing. 
To  be  comparable,  therefore,  it  is  necessary  to  combine  the  Ramany, 
Sabunchy  and  Balakhany  pools  in  the  Baku,  which  are  closer  together 
than  North  and  South  Cushing.  Bibi-Eibat,  being  at  a  greater  distance, 
is  not  included. 

Presented  at  the  regular  monthly  meeting  of  the  Society,  June  8, 
and  published  in  the  July,  1915,  Proceedings. 

♦Professor  of  Oil  and  Gas  Production,  University  of  Pittsburgh. 


tJohnson  &  Huntley,  Consulting  Oil  Geologists.  Pittsburgh,  Pa. 
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Under-consumption  mitigated :  Bad  as  the  under-consump¬ 
tion  has  been  at  Cushing,  it  has  been  less  than  usual  for  the  great 
pools;  for  (a)  there  have  been  more  refineries  built  specificalh 
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Plate  No.  1. 

for  the  utilization  of  the  oil  of  this  pool ;  (b)  there  was  an  under¬ 
production  when  the  pool  came  in  ;  (c)  its  superior  quality  has 
driven  other  oils  out  of  several  refineries  that  were  operating 
upon  them;  (d)  the  war  has  been  a  minor  factor,  every  line  a 
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Cushing  having  been  kept  busy  nearly  all  the  time,  see  Plate  2 ; 
(e)  the  quality  of  Cushing  oil  has  been  so  superior  that  rail  ship¬ 
ments  to  unusual  distances  have  been  amply  warranted;  (f)  the 
prospects  for  better  markets  are  so  good  that  it  pays  very  well 
to  build  steel  tankage;  and  (g)  the  operators  have  been  on  the 
whole  strong  companies  in  a  position  to  drill  rapidly  and  build 
tankage. 
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Plate  No.  2. 


Production  coming  on  so  rapidly  that  it  will  last  a  shorter 
time:  Cushing  has  come  on  so  rapidly  its  high  production  will 
therefore  last  for  a  shorter  time,  since  the  time  during  which  the 
large  wells  are  coming  in  is  shorter.  See  Plate  3.  The  Cherokee 
shallow  pools  and  the  Glenn  were  distributed  over  a  longer 
period,  because  their  northern  extensions  were  discovered  after 
the  older  pools  were  somewhat  settled.  But  at  Cushing  the  North 
pool  was  discovered  while  the  South  pool  was  still  getting  large 
wells. 


INFLUENCE  OF  CUSHING  POOL  IN  OIL  INDUSTRY 


Plate  No.  3. 


It  requires  about  4000  barrels  per  day  of  new  production 
to  prevent  the  decline  of  the  production.  See  Plate  4.  That  this 
rate  can  be  sustained  but  a  short  time,  if  indeed  any  longer,  is 
highly  probable. 

1  he  spacing  is  better :  The  wells  in  the  parts  of  the  South 
pool  which  seem  to  be  completed  now  are  spaced  at  the  rate  of 
about  one  well  to  8.8  acres.  This  restraint  that  has  been  shown 
in  spacing  wells  further  apart  than  in  the  earlier  pools  will  save 
the  operators  a  great  deal  of  money  which  would  otherwise  have 
been  spent  in  unjustified  holes. 


The  Hill  Oil  &  Gas  Company  policy  questionable :  Praise 
has  been  given  to  the  Hill  Oil  &  Gas  Company  for  drilling  only  a 
few  needed  offsets,  as  showing  great  business  judgment,  since 
they  can  market  their  oil  later  at  a  higher  price.  On  the  con- 
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trary,  we  believe  that  the  rapid  decline  of  pressure  will  reduce 
the  extractibility  of  this  company’s  oil  so  rapidly  that  they  will 
suffer  from  not  joining  the  rush,  more  than  they  will  gain.  Un¬ 
fortunate  as  this  condition  is,  there  is  no  relief  where  many 
companies  operate  in  one  pool.  The  Hudson  Bill  is  unworkable 
in  any  way  that  would  not  probably  be  unconstitutional,  except 
that  possibly  there  might  be  a  retardation  of  shooting  until  the 
pool  is  delimited  and  all  oil  being  handled. 

Recognition  of  the  Pitkin  Lime :  Care  is  necessary  in  drill¬ 
ing  below  the  Bartlesville  sand  in  this  pool,  that  work  should  not 
be  discontinued  on  the  Pitkin  limestone  in  the  belief  that  this  is 
the  “Mississippi  lime”  (Boone  Chert),  owing  to  the  productive 
horizons  between  these  beds.  The  Pitkin  lies  above  the  “Missis¬ 
sippi”  lime  at  Tulsa,  and  it  is  probable  that  it  extends  as  far  west 
as  the  Cushing  pool.  The  Pitkin  is  often  mistaken  for  the 
Mississippi  lime. 

Wild  wells  should  be  more  promptly  suppressed :  The  wild 
gas  well  in  the  bed  of  the  Cimmarron  River  in  the  North  pool, 
has  probably  lost  a  great  deal  of  oil  by  dissipating  some  of  the 
pressure  which  brings  the  oil  into  the  hole.  Strenuous  measures 
should  be  adopted  to  promptly  close  any  such  wild  wells  in  the 
future.  In  reply  to  the  author’s  recent  article*  on  a  proposed 
plan  for  the  prompt  suppression  of  these  wells  by  a  government 
emergency  car  a  writer  signing  himself  “Observer”  thinks  we  are 
unnecessarily  alarmed,  and  that  there  will  be  but  few  wild  wells 
in  the  future  and  that  these  will  be  promptly  suppressed  by  the 
owners.  We  are  willing  to  let  the  future  show,  confident  as  we 
are  that  the  next  two  years  will  show  several  cases  that  will  run 
a  long  time.  May  the  lesson  be  learned  with  a  minimum  of  sad 
experience. 

Bartlesville  sand  taken  too  seriously :  The  Bartlesville  sand, 
from  which  the  Cushing  pool  derives  most  of  its  production,  is 
in  danger  of  being  over-valued  in  relation  to  the  other  sands  in 
Oklahoma.  This  is  largely  the  result  of  the  belief  that  the  Glenn 


*Oil  &  Gas  Journal,  May  6.  1915. 
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pool  is  also  in  this  sand,  which  is  probably  incorrect.  A  sedi¬ 
mentary  overlap  is  responsible  for  the  greater  and  greater  depth 
to  the  Mississippi  lime  southwards  in  the  Oklahoma  fields.  Ap¬ 
parently  the  correlation  of  the  Glenn  sand  as  the  Bartlesville 
sand  is  based  on  the  opposed  idea  that  these  greater  depths  to 
the  south  are  the  result  of  the  mere  thickening  of  all  the  mem¬ 
bers.  The  correlation  of  the  Bartlesville  sand  is  much  more 
nearly  with  the  Red  Fork  sand. 

Discovery  wells  within  forty  miles  of  Cushing — partly  be¬ 
cause  of  this  and  partly  because  of  the  undue  psychic  influence 
of  a  recent  great  strike — are  likely  to  be  taken  too  seriously  and 
lead  to  excessive  prices  for  leases  around  them;  operators  for¬ 
getting  what  a  very  small  percentage  of  discovery  wells  even 
in  this  sand  lead  to  such  large  pools. 

Over-confidence  in  “domes” :  Danger  of  over-confidence  in 
structural  “domes”  arising  from  the  successful  results  on  the 
four  domes  at  Cushing,  is  becoming  apparent.  This  confidence 
is  apt  to  be  misplaced  in  many  instances,  among  other  things  on 
account  of  the  deviation  between  the  surface  of  the  producing 
sand  and  of  the  higher  formations  which  are  used  in  locating 
folds  at  the  surface.  In  a  country  of  the  low  general  dip  of  Okla¬ 
homa,  the  gradients  caused  by  the  thickening  and  thinning  of  the 
sand  body  frequently  exceed  the  dip  due  to  folding. 

Area  being  exaggerated :  There  is  a  tendency  to  exaggerate 
the  possible  oil-producing  area  in  Oklahoma,  overlooking  the 
large  areas  which  must  be  expected  to  be  gas-bearing  rather  than 
oil,  as  indicated  by  the  low-volatile  shales  of  the  lands  south¬ 
east  of  the  Stigler-McAlester  line. 

Sliding  royalities  for  lease  forms:  The  lease  forms  used  in 
the  Cushing  pool  are  unfavorable  to  a  high  extractibility,  be¬ 
cause  of  the  fact  that  they  are  all  based  on  a  fixed  royalty  per¬ 
centage.  Wells  on  such  leases  must  be  abandoned  when  the  net 
income  from  their  production  reaches  the  outlay;  instead  of  con 
tinning  until  the  gross  income  reaches  the  outlay.  Sliding  royalty 
leases  as  described  in  the  paper  of  the  senior  author  (Bull.  Am. 
Inst.  Min.  Engrs.,  June,  1915)  should  replace  them. 
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Oil  industry  naturally  oscillates :  The  oil  industry  by  its 
very  nature  has  an  oscillating  market.  See  Plate  .5.  Disturb¬ 
ances  such  as  the  Cushing  pool  have  happened  repeatedly  and 
will  continue  to  happen  for  some  time.  Failure  to  open  new 
“market-breaking”  pools  for  a  long  period  leads  to  an  advance 
in  price  such  that  drilling  is  so  stimulated  that  large  new  pools 
are  found,  which  by  rapid  drilling  in  turn  break  the  price.  Each 
new  “market-breaking”  pool  opens  up  new  avenues  of  transpor¬ 
tation  and  consumption,  so  that  with  its  decline  the  number  of 
new  large  pools  that  must  be  opened  up  to  meet  the  demands  is 
ever  greater. 
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PRODUCTION,  STOCKS,  AND  PRICES  OF  PETROLEUM  IN  THE  MID-CONTINENT  FIELD,  BY  MONTHS,  I  tOt-1  SIX 
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Best  prospects  rapidly  going :  The  chances  of  success  are 
larger  where  there  are  anticlines  of  a  promising  kind,  and  horizons 
that  carry  oil  are  to  he  found  at  drillable  depths.  Such  areas  are 
limited  and  will  be  prospected  so  rapidly  with  the  next  rise  in 
price  that  the  most  evident  of  these,  which  are  not  on  public  or 
withheld  Indian  lands,  will  then  be  tested. 

Thereafter  poorer  and  poorer  prospects  will  be  drilled : 
After  all  promising  anticlinal  structures  have  been  drilled,  there¬ 
after  less  and  less  promising  areas  (there  is  very  great  differ¬ 
ence  in  the  relative  promise  of  different  anticlines,  terraces,  etc. ) 
will  be  drilled,  until  we  have  to  resort  to  drilling  on  ordinary 
plane-dipping  beds.  The  chances  of  success  here  are  less  (but 
by  no  means  absent  as  stated  by  some),  so  that  a  higher  price 
will  be  necessary  to  lead  the  prospector  on. 


Less  disturbance  from  great  pools  in  the  future :  Great  oil 
pools  in  the  future  will  make  less  and  less  disturbance  in  the 
market,  because  with  a  stronger  market  a  larger  percentage  of 


Plate  No.  6. 


1359 


INFLUENCE  OF  CUSHING  TOOL  IN  OIL  INDUSTRY 


4C!) 

the  oil  will  go  to  distant  refineries  by  tank  cars.  See  Plates  <> 
and  But  there  will  always  be  disturbances  from  this  cause. 

More  steel  tankage :  The  growing  use  of  steel  tankage  to 
tide  over  the  over-production  at  large  strikes  is  noticeable  and 
will  greatly  inerease  after  the  introduction  of  the  method  of  pre¬ 
venting  losses  by  condensing  the  tank  vapors,  and  thus  recover¬ 
ing  the  gasoline,  which  would  otherwise  be  lost. 


Plate  No.  7. 

No  rapid  advance  possible :  Rosy  predictions,  even  bv  pro¬ 
ducers,  of  much  higher  prices — say  $2.00  for  Oklahoma  oil, — are 
not  likely  to  materialize  for  a  few  years  owing  to: 

(a)  Drilling  of  the  most  geologically  favorable  localities 
in  the  near  future. 

(b)  Enormous  production  in  Mexico  available  as  soon  as 
political  difficulties  are  moderately  lessened.  While  this  is  fuel 
oil,  the  new  transformation  methods  would  lead  to  its  treatment 
if  the  price  raised  much. 
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(c)  Probable  very  large  production  in  Alberta  within  the 
next  few  years. 

Natural  limits  to  the  price  of  oil :  There  are  natural  limits 
to  the  price  of  petroleum : 

(a)  Petroleum  cannot  increase  in  price  much  past  the  cost 
of  producing  shale  oil.  America  has  an  enormous  supply  of 
cheaply  available  workable  oil  shales  and  sands.  This  is  likely 
to  hold  oil  to  a  point  probably  not  much  in  excess  of  S3. 00  per 
barrel  (Pennsylvania  grade).  In  fact,  a  great  deal  of  petroleum 
will  have  to  be  left  in  the  ground  until  surface  extracted  oil  be¬ 
comes  dearer  because  of  the  exhaustion  of  oil  from  oil  shales 
and  sands. 

(b)  Fuel  oil  cannot  advance  very  much  over  the  price  of 
coal  at  the  point  of  consumption,  plus  the  saving  in  handling, 
when  its  supply  is  large. 

Indian  allotments  large :  The  large  Indian  allotments  in  the 
Creek  Nation  have  been  of  great  value  to  the  producer,  as  the\ 
have  led  to  much  more  moderate  drilling  than  in  the  various 
pools  in  the  Cherokee  Nation, — where  allotments  were  much 
smaller  and  irregularly  divided.  In  any  future  grants  to  Indian 
reservations,  the  mineral  rights  should  be  retained  by  the  Gov¬ 
ernment,  and  when  a  reservation  that  carries  the  mineral  rights 
is  allotted,  the  mineral  rights  should  be  held  in  common  by  the 
tribe.  Only  thus  can  plots  that  are  not  so  small  as  to  be  very 
uneconomically  developed  and  operated  be  avoided. 

The  4800  acre  limitation :  The  4800  acre  limitation  of  the 
Indian  Office  has  been  a  serious  handicap  in  the  development  of 
the  Cushing  pool,  and  should  be  abandoned  for  the  following 
reasons : 

(a)  The  4800  acres  are  not  likely  to  have  a  sufficiently 
large  proportion  productive  to  make  a  company  large  enough  to 
have  the  maximum  efficiency. 

(b)  The  Indian  lands  constitute  a  much  smaller  area  than 
the  unrestricted  lands,  so  that  the  purpose  of  the  restriction — no 
large  companies — cannot  be  accomplished  in  any  event. 
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(c)  1  he  prohibition  of  large  units  of  production  is  an 
antiquated  measure  no  longer  approved  by  economists.  All  poli¬ 
tical  parties  have  insisted  that  they  do  not  intend  to  put  all  indus¬ 
try  or  a  small  unit  basis. 

(d)  The  ownership  of  large  tracts  of  oil  land  has  never 
been  abused  by  withholding  oil  from  the  market.  On  the  con- 
trary,  oil  has  been  brought  to  the  surface  too  rapidly  in  most 
years  since  the  industry  became  fairly  established. 

(e)  It  is  impossible  to  hold  the  oil  of  any  large  field  up  to 
a  very  high  price.  It  must  be  kept  low  enough  to  compete  in  the 
world’s  markets;  or  if  it  is  a  fuel  oil  it  must  compete  with  coal 

(g)  The  price  of  oil  has  almost  never  been  too  high,  con¬ 
sidering  its  impending  exhaustion.  It  is  almost  always  too  low. 
and  because  of  this  is  all  too  frequently  consumed  wastefully  or 
inefficiently,  or  for  an  inferior  use. 

(h)  New  pipe  line  construction  is  hampered  by  the  pro¬ 
moters  not  being  able  to  plan  upon  a  definite  supply  of  oil  held 
by  the  company  and  so  assured. 

(i)  Larger  units  of  production  make  for  efficiency,  steadi¬ 
ness  of  prices,  and  conservation ;  and  place  no  additional  burden 
on  the  consumer. 

(j)  If  monopoly  is  to  be  feared,  let  it  be  met  by  a  more 
rational  method,  than  this  antiquated  “break  into  little  pieces’* 
policy. 

(k)  Mining  is  not  so  restricted — one  may  hold  mam- 
claims. 

Common  earner  must  be  abandoned :  Fhe  Cushing  pool 
has  shown  that  the  “Common-carrier”  bill  works  very  badly, 
principally  because  large  shipments  only  can  be  received  since 
the  pipe  line  must  deliver  the  same  oil  which  it  receives.  Now 
the  smaller  companies  cannot  furnish  enough  oil  for  a  “run.” 
especially  if  there  is  an  over-production  and  the  oil  taken  is  pro¬ 
rated.  This  bill  should  be  abandoned  for  a  “common-purchaser” 
or  a  “common-deliverer”  act.  By  the  latter  is  meant  that  the 
pipe  line  would  undertake  to  deliver  an  equal  value  of  “run  01 
the  line  oil  to  the  refinery  or  other  market  named,  instead  of 
the  identical  amount  of  the  identical  oil  which  is  involved  in  a 
common-carrier  shipment. 


472  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENN  A. 

Oliver  plan  :  The  Cushing  experience  teaches  us  that  the 
best  method  of  opening  public  oil  lands  to  the  investor  is  by  the 
Oliver  plan  (see  Senate  Hearing  on  H.  R.  16  136,  63rd  Cong.  3rd 
Session).  In  this  the  Government  takes  a  large  area  of  the 
public  land  making  a  natural  unit  (which  has  been  reported  by 
the  U.  S.  Geological  Survey  as  probably  productive)  and  leases 
it  to  one  company  made  up  for  the  purpose.  The  Government 
asks  for  subscriptions  to  stock  in  this  company,  and  the  amount 
held  by  each  subscriber  is  limited.  Only  by  this  method  can  the 
desirable  end — of  one  pool  operated  by  one  company — be  accom¬ 
plished. 


DISCUSSION 

Prof.  Stephen  L.  Goodale*  :  I  would  like  to  ask  whether, 
in  the  western  field  that  Professor  Johnson  has  just  described 
so  interestingly,  or  in  any  oil  field,  this  pressure  of  gas  he  speaks 
of  as  being  so  important  would  hold  in  the  ground  for  a  long 
enough  time  to  allow  that  field  to  be  paid  out  slowly  as  he  sug¬ 
gests  ?  It  seems  to  me  that  there  would  almost  inevitably  be  a 
loss  of  that  pressure. 

The  question  occurs  to  me  also  as  to  whether  the  mainten- 
ance  of  this  pressure  would  efifect  a  more  complete  extraction  of 
the  oil  from  the  sand.  That  is,  as  the  oil  level  in  the  pool  sinks 
past  any  individual  sand  particle,  would  the  sand  be  left  more 
dry  as  the  gas  pressure  is  greater? 

Prof.  R.  H.  Johnson  :  It  is  true  that  some  loss  is  inevitable 
but  it  can  be  greatly  reduced  if  one  company  has  a  free  hand 
to  go  at  it  in  the  right  way.  For  instance,  they  could  avoid  oper¬ 
ating  in  the  upper  end  of  a  pool  where  a  great  deal  of  gas  would 
escape.  Operations  in  the  early  part  of  the  pool  could  be  limited 
very  largely  to  the  lower  end  of  the  pool  where  there  is  very 
little  free  gas  in  the  sand,  and  the  pressure  of  the  gas  in  the 
upper  part  of  the  pool  would  tend  to  force  the  oil  out  through 
these  holes  with  minimum  loss  of  gas.  It  would  take  too  long 
a  discussion  to  enumerate  the  other  methods  of  which  we  now 


♦Professor  of  Metallurgy,  University  of  Pittsburgh. 
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have  rive  or  six. 


The  whole  question  of  the  best  utilization  of 


that  pressure  in  getting  a  maximum  oil  expulsion  from  it  is  very 


important.  I  hope  the  Bureau  of  Mines  will  institute  some  ex¬ 
perimental  work  to  see  how  best  to  use  that  pressure  to  the  \ei  \ 
last  pound,  because  it  is  that  pressure  upon  which  we  are  relying. 
We  can,  of  course,  use  water  methods  and  other  methods  of  in¬ 
creasing  the  extraction,  but  first  of  all  we  ought  to  make  the  gas 


pressure  work  with  the  utmost  efficiency.  But  wheie  w  c  put- 
holes  in  under  a  great  variety  of  management,  little  can  he  done 


toward  a  careful  conservation. 


Prof.  J.  H.  JamesJ-:  How  does  the  Cushing  field  compare 
with  the  Mexican  fields? 


Prof.  R.  H.  Johnson  :  I  have  tried  to  compare  pools  rather 
than  fields.  Pool  by  pool,  I  think  the  Cushing  is  larger  than  any¬ 
thing  we  have  had  there.  The  fact  is  that  the  Juan  Casiano  pro¬ 
duced  8  000  000  barrels  a  year,  I  think.  Mr.  Huntley  knows  more 
about  that  than  I  do. 


Mr.  L.  G.  Huntley  :  It  has  averaged  about  23  000  barrels 
a  day  and  has  never  been  much  above  that.  It  is  now  approxi¬ 
mately  700  000  barrels  per  month. 

m 

Prof.  R.  H.  Johnson:  We  are  getting  75  000  000  barrels 
here.  It  might  be  said  that  if  the  one  at  Casiano  was  drilled  up 
like  the  one  at  Cushing,  it  might  give  us  75  000  000  barrels,  but 
from  the  fact  that  the  yield  fell  off  greatly  in  No.  0  when  the  No. 
7  came  in,  it  is  very  doubtful.  As  to  the  Dos  Bocas,  if  we  accept 
the  estimate  of  200  000  barrels  a  day  for  5.  days,  Cushing  sur¬ 
passes  it.  As  to  the  whole  field,  it  is  difficult  to  say.  1  he  mar¬ 
ket  does  not  give  Mexico  a  chance,  of  course.  So  many  of  the 
wells  are  shut  in  that  it  would  be  difficult  to  say.  If  the  field 
gets  a  chance,  if  political  conditions  let  these  wells  do  as  much 
as  they  might,  I  know  it  would  be  very  large,  but  the  whole 
field  is  not  actually  producing  as  much  as  the  Cushing  now.  But, 
of  course,  the  Cushing  will  soon  go  off  and  then  it  will  be  very 
much  larger  than  the  Cushing. 

t  Professor  of  Chemical  Engineering,  Carnegie  Institute  of  Tech¬ 
nology,  Pittsburgh. 
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Mr.  P.  W.  Price*  :  Would  not  the  limitation  in  the  matte  • 
of  Mexican  production  be  that  of  transportation?  It  would  be 
necessary  either  to  build  very  large  refineries  in  Mexico  or  trans¬ 
port  all  crude  oil  by  tank  steamer  to  refineries  in  the  United 
States  or  elsewhere. 

When  we  consider  the  very  elaborate  system  of  pipe  lines 
that  have  quickly  been  developed  to  rapidly  transport  oil  away 
from  all  large  fields  in  the  United  States,  delivering  to  refineries 
situated  either  in  the  East  or  South  where  conditions  are  much 
more  favorable  for  refining  and  distribution  than  they  could  pos¬ 
sibly  be  in  Mexico,  it  would  seem  as  though  the  development  of 
large  production  would  have  to  proceed  much  more  slowly  than 
either  in  the  United  States  or  Europe. 

It  has  been  pointed  out  that  development  of  a  new  field 
should  proceed  as  rapidly  as  possible  in  order  to  take  advantage 
of  initial  rock  pressure  which,  if  once  lost,  will  largely  reduce 
the  amount  of  oil  possible  to  extract  and  also  to  take  care  of  the 
production  from  adjoining  leases  simultaneously,  to  avoid  one 
lease  drawing  too  greatly  from  under  surrounding  leases.  In 
such  inaccessible  places  as  Mexico,  either  immense  tankage  would 
have  to  be  provided  or  tank  steamers  would  have  to  handle  oi1 
in  quantities  approaching  the  capacity  of  our  American  pipe 
lines. 

It  would,  therefore,  seem  that  the  more  remote  the  large  oil 
field  to  economical  means  of  transportation,  the  greater  the  waste 
of  oil  will  be.  It  will  be  lost,  either  by  not  being  secured  while 
sufficient  rock  pressure  exists,  or,  if  secured  at  that  time,  will  be 
lost  through  inadequate  tankage  or  transportation.  No  doubt 
such  considerations  must  enter  largely  into  fixing  the  value  to 
the  world  of  each  new  discovery.  It  is  not  how  many  barrels 
may  be  in  the  ground  or  the  daily  flow  from  any  well  that  counts 
— it  is  how  many  barrels  can  be  transported  within  the  life  of 
the  field. 

Mr.  L.  G.  Huntley  :  It  is  true  that  transportation  is  a  ser¬ 
ious  difficulty  in  getting  Mexican  oil  to  the  market.  Present 
equipment  could  not  possibly  handle  the  full  production  of  all 

♦Assistant  Engineer,  County  Engineer’s  Office,  Court  House,  Pitts¬ 
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wells  drilled  up  to  the  present  time,  which  is  variously  estimated 
from  330  000  to  500  000  barrels  per  day.  However,  in  1913  pro¬ 
duction  of  these  fields  was  24  574  500  barrels.  During  1911 
none  of  the  old  wells  declined  in  production,  and  62  new  wells 
came  in,  representing  a  possible  new  production  of  196  000  bar¬ 
rels  per  day.  During  the  same  year  a  number  of  pipe  lines  were 
enlarged  from  6-  to  8-inch,  and  at  least  one  new  field  connected 
with  seaboard  (Los  Naranjos).  Shipping  facilities  from  the 
Panuco  field  were  added  to,  and  some  new  tankers  put  into  ser¬ 
vice.  In  spite  of  all  this  new  production  and  new  equipment, 
the  field  only  produced  25  725  403  barrels  during  1914.  At  the 
present  time  not  more  than  50  miles  of  additional  pipe  line  are 
under  construction  or  contemplated,  and  very  few  new  tankers, 
considering  this  great  shut-in  production.  1  his  indicates  that 
companies  are  awaiting  a  better  market  before  making  a  serious 
effort  to  get  production  from  already  drilled  wells  to  points  of 
consumption.  A  field  with  a  possible  daily  production  of  at 
least  330  000  barrels,  which  meanwhile  only  produces  but  70  000 
barrels  per  day,  and  at  the  same  time  makes  little  effort  to  build 
new  pipe  lines  and  tankers  as  indicated  by  present  construction 
now  under  way,  is  very  strong  evidence  of  the  effect  of  market 
conditions. 

Mr.  Price  is  correct  in  assuming  that  development  in  Mexico 
will  be  much  slower  than  if  these  fields  were  located  within 
the  United  States,  for  the  following  reasons : 

(1)  Great  expense  in  operating  keeps  out  all  except  finan¬ 
cially  strong  companies ;  who  will  not  develop  their  territory  so 
rapidly  as  to  break  the  market ;  and  who — as  they  control  large 
areas  around  their  wells — can  afford  to  keep  production  shut  in 
awaiting  a  better  market.  As  each  company  practically  controls 
the  producing  area  around  their  wells  they  are  not  losing  pres¬ 
sure  or  oil  to  their  neighbors. 

(2)  Political  difficulties  retard  development. 

(3)  Government  and  state  taxes,  high  operating  and  main¬ 
tenance  charges,  as  well  as  the  cost  of  transportation  by  tank- 
ships,  add  to  the  cost  of  the  oil  delivered  to  markets  such  as  the 
United  States.  These  expenses  make  it  impossible  to  put  oil  in 
U.  S.  ports  for  less  than  35c  at  Gulf  Coast  ports  to  approxi 
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mately  50c  for  Atlantic  ports.  The  market  for  this  oil  cannot 
therefore  break  below  these  costs  for  any  except  small  lots  at 
times  of  a  crisis  in  the  field.  This  is  particularly  true  since  the 
largest  producers  also  control  their  own  tankers,  pipe  lines,  and 
refineries  either  in  Mexico  or  the  United  States. 

Also  it  may  be  said  that  Mexican  oil  at  those  prices,  plus  a 
profit,  must  compete  with  Gulf  Coast  and  California  fuel  oil, 
as  Oklahoma  residues.  This  prevents  its  being  diverted  into 
as  many  new  channels  as  usually  happens  when  the  price  breaks 
to  a  low  point,  hence  the  market  will  not  expand  so  rapidly.  In¬ 
sofar  as  transportation  is  a  factor  of  this  relatively  high  price 
for  Mexican  oil,  it  is  the  reason  for  this  restricted  market.  And 
it  must  be  admitted  that  indirectly  transportation  is  thus  the 
biggest  factor  in  keeping  down  production. 

In  taking  up  Mr.  Price’s  second  point,  it  may  be  said  that 
producing  conditions  in  Mexico  differ  fundamentally  from  Cush¬ 
ing  ;  and  due  to  these  conditions  there  is  no  vital  need  on  the 
part  of  producing  companies  to  bring  the  oil  to  the  surface  as 
quickly  as  possible  (as  at  Cushing),  and  hence  relatively  little 
hecessity  for  large  tankage — except  at  terminal  stations  for  oper¬ 
ating  reasons.  Several  points  of  difference  are  as  follows: 

(1)  Mexican  oil  production  comes  from  about  20  different 
distinct  groups  of  wells.  In  all  except  Panuco  and  Topila,  one 
company  usually  controls  large  acreage  surrounding  each  group 
of  wells.  Hence,  each  of  these  20  districts  represents  a  pool  in 
which  only  a  few  initial  wells  have  been  drilled.  It  is  thus  to 
the  interest  of  each  company  to  drill  efficiently,  and  to  keep  wells 
shut  in  when  there  is  no  market  or  no  transportation. 

(2)  There  is  usually  no  waste  of  oil  or  gas,  except  in  the 
case  of  accidents,  or  inability  to  control  a  well.  One  of  the  few 
cases  known  happened  recently,  where  a  company  has  struck  a 
gas  well  south  of  the  Topila  field,  and  is  blowing  its  head  off, 
hoping  it  will  show  oil. 

(3)  This  is  almost  the  ideal  condition  which  is  advocated 
in  our  paper — one  company  to  each  pool. 

There  has  been  very  little  decline  of  pressure  as  yet,  even 
in  the  older  pools,  and  wells  such  as  those  at  Ebano  and  Juan  Ca- 
siano,  producing  since  1904  and  1910  respectively,  are  doing  so 
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at  their  original  rates.  In  the  latter  case  40  000  000  barrels  of  oil 
have  been  taken  from  the  one  well,  with  not  more  than  10  per¬ 
cent  decline  from  its  initial  daily  production.  If  this  locality  had 
been  drilled  up  as  was  the  case  at  Cushing  it  would  probably  have 
almost  ceased  to  produce  by  this  time,  and  might  not  have  pro¬ 
duced  as  much  oil  from  all  wells  as  will  be  the  case  from  the  few 
holes  which  will  be  drilled  by  the  present  company. 

Mr.  F.  G.  Clapp*:  The  subject  discussed  by  Messrs.  John¬ 
son  and  Huntley  is  instructive  from  so  many  different  stand¬ 
points  as  to  make  it  impracticable  to  discuss  it  fully  here.  Un¬ 
fortunately,  I  have  been  abroad  for  eighteen  months,  so  that  I 
was  considerably  enlightened  to  hear  Mr.  Johnson's  statement 
regarding  recent  legislation  and  attempts  at  legislation  on  the 
subject  of  waste,  Indian  lands,  etc.  Having  been  away,  I  hardly 
feel  competent  to  discuss  that  subject. 

Something  which  may  not  be  so  interesting  to  the  majority 
of  oil  men,  but  which,  in  my  opinion,  ranks  very  high  as  an  eco¬ 
nomic  necessity  in  the  business  is  the  proper  relation  of  oil  de¬ 
velopment  to  that  of  gas.  I  agree  perfectly  with  the  statement 
made  that  these  gas  wells  which  are  allowed  to  go  to  waste  in 
large  volumes  over  long  periods  of  time,  are  an  enormous  waste 
and  seriously  affect  both  the  oil  and  gas  industries. 

It  is  at  least  five  years  since  I  last  visited  the  Caddo  field  in 
Louisiana,  where  three  or  four  gassers  having  capacities  esti¬ 
mated  variously  at  ten  to  fifty  million  cubic  feet  per  day  were 
blowing  to  waste  because  the  company  operating  did  not  see  fit 
to  close  them  in,  or  if  the  effort  had  been  made,  it  was  found  to 
be  too  expensive.  I  remember  that  persons  stated  at  the  time 
that  the  waste  could  be  allowed  or  that  it  was  justified  because 
there  would  never  be  anything  like  it  again,  as  people  believed 
yet,  as  Mr.  Johnson  has  explained,  similar  wastes  have  since 
taken  place  many  times  in  the  Oklahoma  fields  where  gas  wells 
were  tapped  during  the  development  of  oil. 

Again  when  the  first  gas  wells  were  tapped  in  the  Cushing 
field,  there  was  some  talk  among  the  companies  then  operating 
along  the  eastern  edge  of  the  Osage  nation,  of  extending  a  pipe 

♦Petroleum  Engineer  and  Managing  Geologist,  the  Associated  Geolog¬ 
ical  Engineers,  331  Fourth  Avenue,  Pittsburgh. 
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line  to  the  Cushing  field  to  take  this  gas.  But  even  at  that  time, 
the  gas  pressure  had  dropped  off  somewhat  and  the  question 
naturally  arose  as  to  whether  the  piping  of  this  gas  for  such  a 
long  distance  would  prove  a  paying  proposition.  The  conclusion 
was  that  the  Cushing  field  was  proving  so  productive  of  oil  that 
the  gas  would  soon  be  gone  and  that  the  proposition  would  not 
pay  the  gas  companies.  Judging  from  the  remarks  brought  out 
in  the  paper  this  evening,  it  would  seem  that  the  companies  would 
have  done  well  to  take  the  gas.  At  any  rate,  it  is  important  that 
a  determined  effort  should  be  made,  not  so  much  by  one  com¬ 
pany,  as  by  the  community  or  by  wise  legislation,  to  control  these 
gas  wells  so  that  the  waste  will  not  be  allowed  in  the  future  in 
such  quantities  as  has  taken  place. 

This  is  a  difficult  matter  to  bring  about,  because,  unfortu¬ 
nately,  the  men  making  the  laws  do  not,  as  a  ’■ule,  understand 
either  the  oil  or  gas  business  or  the  conditions  in  the  geological 
strata  where  the  oil  and  gas  pools  are  found.  Moreover,  the  oil 
men  look  at  the  matter  from  one  standpoint,  the  gas  men  from 
another,  and  the  community  as  a  whole  from  still  a  different 
point  of  view.  Yet  I  do  not  think  we  ought  to  become  discour¬ 
aged  in  this  matter  and  certainly  ought  not  to  give  up  the  effort 
as  an  impossibility.  The  oil  and  gas  men  should  co-operate  a^> 
far  as  possible  with  the  legislators  to  determine  whether  some¬ 
thing  cannot  be  done  to  control  the  wild  wells. 

Much  has  been  said  in  some  of  the  oil  journals  about  the 
work  undertaken  by  the  National  Bureau  of  Alines.  It  has  been 
widely  ridiculed,  perhaps  justly  or  perhaps  unjustly.  I  am  not 
familiar  with  the  facts,  but  it  is  true  the  Bureau  of  Mines  has 
made  a  determined  effort  to  be  of  help  in  the  oil  and  gas  industry 
and  in  such  a  desire  they  should  be  encouraged.  From  what  I 
learn  in  print  and  in  conversation,  it  would  seem  that  the  efforts 
to  close  the  wild  wells  have  not  been  quite  satisfactory.  Yet  it 
would  seem  that  perhaps  with  a  little  more  co-operation  on  the 
part  of  different  interests,  something  satisfactory  might  be  ar 
rived  at.  Certainly  if  any  of  the  Government’s  critics  know  of 
any  more  practicable  method  of  closing  these  wells,  they  would 
be  very  wise  to  co-operate  with  the  Bureau  of  Mines  in  order 
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to  improve  the  methods  now  in  use,  which  have  evidently  been 
only  partially  successful. 

Another  question  which  should  he  interesting  to  all  oil  men, 
is  whether  the  Cushing  field  is  an  exception  or  whether  it  is  sim¬ 
ply  an  incident  in  the  general  line  of  oil  development  the  world 
over.  I  think  the  majority  of  oil  men  will  agree  with  Messrs. 
Johnson  and  Huntley  in  saying  that  the  Cushing  field  is  simplv 
an  incident  and  that  other  large  fields  fully  as  important  as  the 
Cushing  pool  will  be  found  again.  Is  the  Cushing  field  the  larg¬ 
est?  Has  it  the  greatest  maximum  production  of  any  field  which 
will  ever  be  found?  That  is  something  we  do  not  know.  But 
I  think  by  considering  the  possible  future  of  the  fields  through¬ 
out  the  world,  we  can  find  some  light  on  the  question.  Person¬ 
ally,  I  believe  that  the  Cushing  field  is  not  the  greatest,  but  that 
there  will  be  fields  found  which  will  exceed  it  in  volume.  As  to 
where  they  will  be  found,  there  is  much  room  for  speculation.  I 
am  not  quite  prepared  to  say  that  these  fields  will  not  be  found 
in  Mexico,  but  1  agree  with  Mr.  Huntley  that  the  present  Mex¬ 
ican  fields  do  not  show  prospects  of  quite  as  great  a  maximum 
volume.  Possibly  greater  fields  will  be  found  in  some  part  of 
South  America ;  possibly,  though  probably  not,  in  Oklahoma  or 
California;  possibly  in  Alberta.  Western  Canada  has  a  grea*: 
prospect  for  oil  development,  since  the  geographic  strata  are  fav 
orable  and  very  little  has  yet  been  done  in  drilling  for  oil.  Fields 
will  be  found  in  Canada  which  will  be  very  large,  though  I  do 
not  refer  to  the  location  which  had  so  much  recent  wild-catting 
and  unwise  speculation.  In  the  eastern  hemisphere,  perhaps  in 
Russia,  Turkey  or  Persia  fields  will  be  found  which  will  ap¬ 
proach  the  volume  of  oil  in  the  Cushing  field  and  perhaps  exceed 
it.  There  is  no  doubt  that  Mr.  Johnson  is  correct  in  his  opinion 
that  the  Cushing  field  is  only  an  incident,  not  an  exception  in  the 
oil  business. 

I  would  like  to  express  my  personal  appreciation  of  the 
paper,  since  it  is  a  real  contribution  to  the  literature  of  the  oil 
industry  in  Oklahoma. 

Prof.  R.  H.  Johnson:  In  connection  with  gas  production 
in  Cushing  I  have  recently  heard  that  the  gas  company  that  laid 


480 


PROCEEDINGS  ENGINEERS'  SOCIETY-  WESTERN  PENNA. 


The  Oklahoma  and  Illinois  Oils  running  from  32°  to  42°  intergrade 
with  Appalachian  Oil  more  than  with  the  Gulf  Coast  and  California  Oils 

a  line  down  to  get  this  gas  has  had  to  install  a  pumping  station. 
W  ithout  the  pumping  station,  they  never  would  get  the  gas  near 
enough  to  pay  for  its  construction. 

I  will  add  a  word  on  the  quality  of  oil.  In  this  diagram, 
Plate  8,  two  of  my  students  have  plotted  the  gravity  in  degrees 
Baume  of  all  the  analyses  that  have  been  made  by  the  govern- 
mentt  and  you  will  find  that  the  Cushing  comes  well  on  the  upper 
side ;  the  two  modes  coming  in  at  about  23  and  about  33.  A  good 
many  Oklahoma  analyses  come  in  about  33  or  34  and  a  good 
many  California  come  in  about  23.  In  the  Cushing  we  have  an 
oil  that  is  distinctly  superior  to  the  run  of  these  midcontinent 
oils.  Observe  especially  that  there  is  no  sharp  line  between  the 
midcontinent  and  the  Appalachian  oils.  I  still  hear  about  paraf¬ 
fin  base  oils  and  asphaltum  base  oils.  It  is  time  for  us  to  dis¬ 
continue  these  terms  since  the  Oklahoma  and  Illinois  oils  for  the 
most  part  carry  both  asphalt  and  paraffin.  We  have  a  continuous 
set  of  oils  with  no  great  break.  There  is  a  bigger  break  between 
the  California  and  the  Oklahoma  oils  than  between  the  midcon¬ 
tinent  oils,  the  Indiana,  Ohio  and  the  Appalachian  oils.  The 
Cushing  coming  in  here  is  decidedly  better  than  the  average 
American  oil. 

•j-See  Mineral  Resources,  1913,  U.  S.  Geological  Survey. 
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Mr.  C.  C.  Hines:  I  am  a  stranger  in  your  Society,  but  1 
want  to  express  my  appreciation  in  having  heard  the  reading  ot 
the  evening  paper  Ly  Mr.  Johnson. 

I  have  been  in  the  Cushing  Field  for  the  last  three  years, 
which  takes  in  a  period  of  before  and  after  the  discovery  of  the 
famous  Bartlesville  sand,  which  brought  the  Cushing  Field  to 
the  front. 

The  pipe  lines  were  able  to  take  care  of  all  the  production 
of  the  Cushing  field  up  until  shortly  after  the  time  of  the  dis¬ 
covery  of  the  Bartlesville  sand,  which  was  found  on  the  Tucker 
lease  in  3-17-7  East  at  a  depth  of  2685  feet  by  Gunsburg-Forman. 
whose  initial  well  flowed  better  than  3000  barrels  daily.  After 
the  discovery  of  the  Bartlesville  sand,  which  was  less  than  400 
feet  below  the  Wheeler  sand  which  caused  an  increased  interest 
by  all  producers  to  forget  every  sand  in  the  future  but  the  Bar¬ 
tlesville,  which  seemed  to  be  the  case  from  the  amount  of  wells 
started  in  the  Southeastern  portion  of  the  held.  Most  of  the 
wells  came  in  good  gushers,  and  therefore,  the  pipe  lines  made 
statements  that  they  could  not  take  care  of  all  the  oil  very  long 
at  the  increased  daily  production,  nevertheless  the  drilling  con¬ 
tinued  and  the  market  broke  from  $1.05  to  $1.00  the  first  cut 
A  number  of  the  wells  in  sections  3,  4,  5  and  7,  1  ownship  1  . 
North,  and  Range  7  East,  came  in  at  from  1000  to  4500  barrels. 

It  takes  about  3000  barrels  of  new  production  daily  to  keep 
the  average  up,  and  from  falling  oft'  as  the  tendency  is  to  decline 
very  rapidly  especially  in  the  Layton,  Jones,  Cleveland  and  the 
Wheeler  sands,  but  the  Bartlesville  holds  out  better  than  any 
other  sand  in  the  Cushing  field. 

Now,  as  to  the  gas  production  there  are  many  millions  or  in 
fact  billions  of  feet  of  gas  absolutely  wasted  in  the  Northern  and 
Southeastern  part  of  the  Cushing  field  every  month,  partially  on 
account  of  the  pressure  being  too  much  to  shut  in,  and  because 
of  the  producers  negligence  in  letting  it  blow  away  by  reason  of 
the  low  market.  Some  of  the  gasers  make  from  40  to  90  000  000 
feet. 

Cushing  leads  all  of  the  midcontinent  fields  on  account  of  its 
many  sands,  heavy  rock  pressure  and  the  abundant  supply  of 
gas  to  force  out  the  crude,  thereby  avoiding  the  necessity  of 
pumping  from  the  start. 
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Prof.  J.  H.  James  :  The  gasolene  in  this  oil  is  higher  than 
in  the  Pennsylvania  oils,  is  it  not  ? 

Prof.  R.  H.  Johnson  :  I  do  not  think  so.  I  have  heard  it 
claimed  but  the  published  analyses  do  not  confirm  that  state¬ 
ment.  It  runs  short  of  the  best  Appalachian. 

Mr.  Dorsey  Hager*:  Mr.  Roswell  H.  Johnson  has  dis¬ 
cussed  “The  Influence  of  the  Cushing  Pool  in  the  Oil  Industry” 
in  a  very  complete  manner.  There  are,  however,  several  para¬ 
graphs  to  which  I  would  like  to  add  a  few  words. 

Size  of  oil  companies :  Mr.  Johnson  desires  centralization 
for  economic  efficiency,  and  while  centralization  may  be  desir¬ 
able,  yet  it  must  be  limited  within  proper  bounds. 

The  4800  acre  limitation  certainly  seems  fair  enough,  as  it 
gives  the  small  operator  a  show.  By  picking  the  oil  land  prop¬ 
erly  one  can  so  group  the  4800  acres  so  that  the  acreage  becomes 
very  valuable.  160  acres  of  good  oil  land  will  make  any  oil  man 
independent,  and  it  seems  unnecessary  to  demand  large  units. 
To  determine  the  size  of  a  company  to  give  the  maximum  of 
efficiency  brings  up  many  problems.  Size  by  no  means  measures 
efficiency. 

Large  companies  are  by  no  means  the  most  efficient.  Care¬ 
ful  study  of  several  large  concerns  show  that  the  tendency,  too 
often  is  to  build  unwieldly  machines.  Personal  initiative  is  too 
often  subverted  to  “red  tape,”  and  while  the  large  concerns 
divide  their  over-head  expenses  over  a  larger  field  of  operations, 
yet  the  efficiency  of  the  personnel  is  often  lower  than  that  of 
many  independent  operators  who  keep  in  close  touch  with  their 
business. 

The  individual  operator  brings  personal  enthusiasm  to  his 
work,  and  his  efforts  are  all  centered  on  his  business.  The  cog- 
in-the-wheel  employee  of  the  big  concern  lacks  personal  enthusi¬ 
asm,  and  though  he  often  attempts  to  make  records,  he  does  not 
do  so,  unless  he  is  an  extraordinary  man  with  sufficient  initiative 
to  overcome  the  “red  tape”  so  often  thrown  in  his  way.  So  true 

♦Petroleum  Geologist  and  Engineer,  Hotel  Tulsa  Building,  Tulsa, 

Okla. 
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is  this  fact,  that  in  the  writer’s  own  experience  he  has  seen  the 
large  concerns  take  men  from  outside  their  own  organizations  and 
pay  them  large  salaries,  because  they  are  more  efficient  than  the 
men  trained  in  their  own  organizations.  Individual  initiative 
develops  only  when  given  opportunity  to  develop,  and  such  oppor¬ 
tunities  are  seldom  obtained  in  the  large  companies. 

As  a  consequence  of  individual  initiative  the  efficiency  of 
numerous  small  concerns  is  greater  than  that  of  larger  concerns. 
With  '160  acres  of  oil  land  we  find  operators  who  produce  oil 
fully  as  cheaply  as  the  neighboring  large  concerns. 

I 

Delayed  drilling'.  I  he  policy  of  the  Hill  Oil  &  Gas  Com¬ 
pany  is,  it  seems  to  me,  quite  good  business  under  present  condi¬ 
tions.  It  is  true  that  the  gas  pressure  has  decreased  somewhat, 
but  there  is  as  yet  a  large  area  untested,  and  the  acreage  of  the 
Prairie  and  Gypsy  Oil  Companies,  who  offset  the  Hill  Oil  &  Gas 
Company’s  property,  is  relatively  small ;  also,  even  though  the 
gas  pressure  decreases  somewhat,  it  seems  likeh  that  the  high 
price  of  oil  will  make  up  fully  for  smaller  production.  Again, 
it  is  the  candid  opinion  of  the  writer  that  were  the  Hill  Oil  & 
Gas  Company  to  drill  up  their  property  like  the  others  the  pro¬ 
duction  of  Cushing  would  be  easily  increased  another  100  000 
barrels  per  day,  perhaps  more.  Instead  of  40c  for  oil,  25c  and 
30c  would  probably  have  been  the  result ;  also  more  expense  for 
tankage.  The  Hill  Oil  &  Gas  Company  acquired  then  land  upon 
geological  advice  and  know  the  value  of  their  holdings.  Only 
time  will  tell  whether  or  not  their  policy  is  correct.  The  Sham¬ 
rock  Anticline,  upon  which  the  Hill  Oil  &  Gas  C  ompany’s  hold¬ 
ings  are  located,  is  a  well  defined  structure,  and  separate  from 
the  rest  of  the  Cushing  field.  With  such  condition  the  Hill  Oil 
&  Gas  Company  can  practically  take  its  own  time  for  develop¬ 
ment. 

The  Common-carrier  Act :  Cushing  does  not  act  as  a  criter¬ 
ion  for  the  common-carrier  act.  The  common-carrier  act  en 
ables  those  concerns  which  are  strong  enough  to  seek  their  own 
market  to  send  out  selling  agents,  who  will  lind  purchasers. 
The  small  operator  must  sell  to  a  middleman  or  broker.  The 
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fact  that  the  common-carrier  act  enables  such  a  procedure  is 
itself  of  value  as  encouraging  independence. 

A  common-purchase  act  would  force  the  large  pipe-line  com¬ 
panies  to  pro-rate,  and  run  the  small  operator’s  oil,  but  the  oper¬ 
ator  must  take  the  price  offered  him.  Under  present  conditions 
the  operator  would  be  little  better  off  with  a  common-purchase 
act  than  with  the  common-carrier  act,  for  there  were  not  suffici¬ 
ent  pipe-lines  into  the  Cushing  field  to  handle  the  flush  produc¬ 
tion.  The  only  fair  test  of  a  common-carrier  act  is  under  nor¬ 
mal  conditions,  and  the  present  Oklahoma  situation  is  admittedly 
abnormal.  It  seems  to  me  that  the  logical  development  of  the 
common-carrier  act  is  to  build  up  a  class  of  middlemen  who  act 
as  buying  and  selling  agents,  who  buy  from  the  operator  and 
deliver  to  the  purchaser,  whoever  or  whatever  he  is.  Such  a 
class  of  agencies  is  growing  and  it  seems  that  there  will  likelv 
be,  in  time,  oil  buyers,  just  as  today  there  are  cattle  buyers  and 
wheat  buvers. 

j 

Under  the  common-purchase  bill  several  large  oil  concern^ 
would  control  the  market.  While  they  must  pro-rate  their  pur¬ 
chases  in  times  of  congestion,  as  at  present,  yet  there  is  only  a 
small  group  of  closely  allied  purchasers  to  set  the  price.  The 
operator  must  take  what  is  offered,  or  build  his  own  pipe-lines, 
which  is  too  expensive  for  men  of  small  capital. 

The  common-carrier  act  gives  the  aggressive  operator  a 
chance  to  find  a  market  and  ship  his  oil  to  it.  The  small  15  or 
20  barrel  per  day  lease  will  undoubtedly  be  handicapped  in 
finding  purchasers,  as  such  productions  do  not  warrant  main¬ 
taining  selling  agents.  However,  the  development  of  oil  buyers 
and  sellers  will  overcome  this  weakness.  A  complete  system  for 
independent  marketing  does  not  exist  today,  but  it  will  certainlv 
be  an  outgrowth  of  the  common-carrier  act. 

Effect  of  cupidity :  The  greatest  lesson  to  be  learned  from 
the  Cushing  pool  is  that  the  independent  operators  are  not  read) 
for  co-operation.  A  small  group  of  oil  operators  who  could 
have  controlled  the  high-gravity  oil  market  of  the  world  failed 
to  co-operate  at  the  critical  moment.  Had  a  dozen  Cushing  oper¬ 
ators  acted  together,  Oklahoma  oil  would  today  be  $1.05,  perhaps 
more,  instead  of  40c.  . 
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The  distrust  and  cupidity  of  certain  men  defeated  a  plan  of 
co-operation  that  would  have  saved  the  Oklahoma  operators  mil¬ 
lions  of  dollars. 

Messrs.  Johnson  and  Huntley:  While  100  acres  of  pro¬ 
ductive  land  may  “make  any  oil  man  independent,”  we  are  deal¬ 
ing  in  large  part  with  corporations  who  consist  of  many  stock¬ 
holders.  That  which  might  be  thought  adequate  for  one  man 
cannot  be  adequate  for  each  of  these  men.  The  Department  is 
very  severe,  for  it  insists  that  one  must  not  hold  even  a  few 
shares  in  each  of  two  companies. 

An  industry  to  be  soundly  organized  should  not  have  a  sen- 
arate  company  for  each  productive  lease,  and  so  each  be  neces¬ 
sarily  short  lived.  Corporations  should  be  permanent,  having 
new  properties  coming  into  development  as  old  ones  decline,  for 
the  highest  efficiency. 

Since  one  man  “could  become  independent”  on  a  zinc  mine, 
should  no  man  be  permitted  to  be  interested  in  more  than  one 
mine?  Since  one  man  can  become  independent  on  a  short  rail¬ 
road,  shall  there  be  no  long  railroads? 

Can  one  prominent  living  economist  be  named  who  favors 
holding  all  business  down  to  small  units  in  so  far  as  the  govern¬ 
ment  can  force  it?  Can  even  a  prominent  politician  be  cited 
who  would  do  so?  Xo  such  limitations  are  made  in  any  other 
industry  in  the  United  States.  Is  not  this  a  “restraint  of  trade,” 
as  distinctly  as  that  for  which  some  companies  have  been  prose¬ 
cuted  for  violation  of  the  Sherman  anti-trust  act? 

We  fully  concur  in  recognizing  inherent  difficulties  in  large 
scale  industry  as  a  whole,  as  well  as  in  oil.  The  senior  author 
has  in  fact  pointed  out  still  more  of  these  on  pages  33T-340  in 
the  “Petroleum  and  Natural  Gas  Resources  of  Canada.”  It  is 
simply  a  question  of  weighing  the  advantages  and  disadvantages 
in  the  efficiency  of  the  two  scales  of  industry.  If  the  large  com¬ 
pany  is  so  much  more  inefficient,  then  we  would  find  the  large 
companies  being  regularly  outbid  for  leases  and  properties, 
dwindling  in  size  and  becoming  bankrupt.  On  the  contrary,  the 
large  companies  are  engaging  to  an  increasing  extent  in  pros 
pecting,  and  it  seems  almost  the  rule  that  most  pumping  proper- 
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ties  drift  into  the  hands  of  large  companies  that  own  pipe  lines 
and  refineries. 

The  Hill  Oil  &  Gas  Company  cannot  “know  the  value  of 
their  holdings,”  which  are  mainly  undeveloped.  All  such 
“values”  have  a  large  necessary  margin  of  error,  since  they  de¬ 
pend  to  a  considerable  degree  upon  the  distance  from  the  present 
production  that  the  reservoir  of  porous  sand  extends,  and  also 
the  degree  of  porosity  and  the  thickness  of  sand  in  this  unex¬ 
plored  part.  Because  it  is  a  dome  does  not  nullify  these  consid¬ 
erations.  Furthermore,  at  Cushing  the  domes  in  the  Bartles¬ 
ville  sand  show  decided  horizontal  deviation  from  the  domes  of 
the  Pawhuska  limestone. 

“The  Shamrock  anticline,  upon  which  the  Hill  Oil  &  Gas 
Company’s  holdings  are  located,  is  a  well  defined  structure  and 
separate  from  the  rest  of  the  Cushing  field.  With  such  a  condi¬ 
tion  the  Hill  Oil  &  Gas  Company  can  practically  take  its  own 
time  for  development.” 

Earlier  in  the  same  paragraph,  the  Prairie  and  Gypsy  com¬ 
panies  are  said  to  have  wells  offsetting  the  Hill  Company’s  prop¬ 
erties.  These  are  all  on  the  Shamrock  anticline — how  then  can 
the  Hill  Oil  &  Gas  Company  take  “practically  its  own  time”  for 
development,  when  it  has  offsetting  neighbors  with  18  wells 
along  2^4  miles  of  its  boundary,  and  several  more  drilling? 

How  the  Shamrock  anticline  can  be  said  to  be  “separate  and 
distinct  from  the  rest  of  the  field”  is  a  mystery,  when  we  have 
continuous  production  in  the  same  sand. 

The  common-carrier  act  must  stand  upon  its  adaptation  to 
normal  conditions  :  but  it  is  even  more  infeasible  under  such  con¬ 
ditions  than  it  was  at  Cushing.  For  under  normal  conditions 
the  small  operators  cannot  possibly  furnish  the  large  shipments 
without  which  common  carrying  is  impossible.  The  alleged  ad¬ 
vantages  can  be  realized  to  a  greater  degree  by  the  common- 
deliverer  method,  because,  being  feasible  this  will  be  really  used 
by  many  more  operators,  probably  enough  to  establish  a  more 
equitable  relative  price  between  the  several  fields.  The  common- 
deliverer  method  obviates  the  necessity  of  middlemen  between 
producer  and  refiner,  who  are  a  necessary  result  of  any  extensive 


common-carrying. 
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The  common-purchaser  act  does  not  cause  the  sale  to  pipe 
lines ;  it  merely  regulates  this  where  it  does  take  place.  Cer 
tainly  no  harm  can  result  from  proportionate  takings,  and  it 
might  sometimes  be  useful  as  a  defense  against  disproportionate 

runs. 

A  co-operation  of  the  37  Cushing  producers  to  keep  the 
production  down  and  the  price  up,  while  a  violation  of  the  Sher¬ 
man  Anti-Trust  Act  would  have  been  a  national  advantage. 
However,  it  does  not  do  to  entertain  forlorn  hopes,  or  be  greatly 
aggrieved  at  their  failure  to  materialize.  It  is  almost  impossible 
to  get  37  operators  to  withhold  production  from  the  market, 
when  their  interests  differ,  and  one  may  profit  by  breaking  loose. 
In  this  case,  some  had  a  ready  market  for  all  they  could  produce 
— some  did  not.  Some  were  in  debt  and  had  to  get  money  to 
meet  payments — some  were  not.  Some  thought  oil  would  soon 
advance — some  the  reverse.  Some  were  allied  with  refineries — 
some  were  not. 

It  is  only  on  the  public  lands  and  western  Osage  that  it  is 
possible  by  means  of  the  Oliver  Plan  to  get  the  desirable  unity 
of  action  in  case  of  a  strike  too  large  for  the  market. 


THE  THERMAL  EFFICIENCY  OF  THE 
ELECTRIC  FURNACE. 

By  Woolsey  McA.  Johnson* 

Efficiencies  of  electric  furnaces  are  of  many  and  various 
kinds,  for  there  are  numerous  factors,  each  more  or  less  im¬ 
portant,  that  affect  the  results  and  each  studied  by  itself  is  an 
efficiency  factor.  Efficiency  is  the  ratio  of  useful  effect  to  the 
total  effort,  (when  the  word  effort  is  used  in  the  passive  sense) 
applied  to  that  part  of  the  system  under  investigation. 

Thermal  efficiency  of  an  electric  furnace  then  is  the  ratio 
of  thermal  energy  expressed  in  calories  or  B.  t.  u.’s  usefully 
absorbed  to  the  total  thermal  energy  supplied  to  the  furnace. 
For  instance,  in  heating  steel  bars  in  an  electric  furnace,  it  is 
necessary  to  supply  theoretically  something  like  0.1045t  k.w. 
hour  per  lb.  or  209  k.w.  hour  per  ton  of  steel  treated.  If,  how¬ 
ever,  we  find  that  1.0  k.w.  hr.  per  pound  of  steel  is  actually  in 
a  furnace,  we  know  that  amount  of  heat  lost  in  radiation  or 
conduction  is 

1.00  —  0.1045  =  0.8955  k.w.  hr. 


and  that  the 

Thermal  efficiency  =  10.45  percent. 

If,  however,  0.250  k.w.  hr.  are  used  per  ton  or  0.125  k.w.  hr.  per 
pound  of  steel  we  have 

T.E.  (or  thermal  efficiency)  =  (>'^^  =  83.55  percent 

0.125 


Presented  before  the  Metallurgical  &  Mining  Section  of  the  Society 
May  25,  and  published  in  the  July,  1915,  Proceedings. 

♦Consulting  Metallurgical  Engineer,  Hartford,  Conn. 

tMean  specific  heat  of  steel  0.15 
Forging  temperature  1200  deg.  Cent. 

Heat  per  metric  ton  =  1000  X  0.15  X  1200  =  ISO  000  calories 

ISO  000 


ISO  000  calories 


S60 


=  209  k.w.  hr.  per  ton 
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In  calculating  T.E.  we  have  recourse  to  calculations  or 
measurements  of  power  used  when  furnace  is  idle  as  will  he 
subsequently  explained  in  detail.  1  he  calculations  are  based 
on  certain  physical  chemical  constants  The  former  include 
specific  heats,  latent  heat  of  fusion  and  latent  heat  of  vaporiza¬ 
tion  and  change  of  molecular  state.  The  latter  constants  in¬ 
clude  the  heat  given  out  or  absorbed  in  the  various  chemical 
reactions.  By  chemical  analysis  of  constituents  of  charge  to 
furnace,  we  can  calculate  metallurgical^*  the  total  heat  re¬ 
quirements  of  the  operation. 

If  we  measure  carefully  by  means  of  a  watt-hour  meter 
the  amount  of  energy  that  is  put  in  the  furnace  while  a  ton  or 
other  weight  of  charge  has  been  treated,  we  have  the  ratio  of 
the  usefully  applied  heat  to  the  total  heat  supplied,  so  we  have 

Xet  Heat  Requirements 
Total  Heat  Supplied 


Of  course,  the  study  of  thermal  efficiencies  if  carried  too 
far,  will  lead  to  inconsistencies.  For  example,  in  the  Heroult 
electric  steel  furnace,  the  metal  leaves  the  electric  furnace  at 
exactly  the  temperature  at  which  it  enters  it,  for  the  heat  had 
been  supplied  in  the  open-hearth  furnace,  where  the  stock  was 
melted  down.  So  then,  the  net  heat  needed  or  that  usefully 
absorbed  is  nil  and  the  thermal  efficiency  is  likewise  nil.  As  a 
matter  of  fact,  all  the  heat  that  is  needed  is  to  keep  the  steel 
at  its  working  temperature,  for  the  completion  in  a  neutral 
atmosphere  of  reactions  which  have  already  been  started  in 
the  electric  furnace.  Accordingly,  we  can  look  upon  it  in  the 
light  of  using  all  the  electrical  energy  in  keeping  the  furnace 
and  its  contents  at  its  working  temperature.  On  this  basis, 
the  thermal  efficiency  is  one  hundred  percent. 

As  a  matter  of  fact,  the  term  thermal  efficiency  is  used  in 
a  practical  sense  and  for  practical  purposes.  It  is  simply  a 
finger-post  sign  to  be  used  as  a  guide  to  tell  us  how  to  reduce 

♦For  a  complete  study  of  this  subject  the  reader  is  referred  to  "Metal¬ 
lurgical  Calculations,”  by  Prof.  Jos.  W.  Richards. 


T.E.  (thermal  efficiency)  = 


or 


T.E.  =  He- 


H.t. 
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the  k.w.  hr.  per  ton  of  product.  This  is  the  important  point 
about  electrothermics  for  we  have  to  pay  for  k.w.  hr.  used. 

There  are  four  ways  in  which  the  thermal  efficiency  of  an 
electric  furnace  can  be  determined,  each  way  being  conditioned 
on  several  factors.  The  four  ways  are  enumerated  as  follows : 

1.  Metallurgical  calculation  of  the  radiation  and  conduc¬ 
tion  heat-losses. 

2.  Measuring  directly  radiation  and  conduction  heat- 
losses  such  as  heat  in  water  used  as  cooling  water. 

3.  Running  furnace  with  power  enough  to  keep  it  at  its 
working  temperature,  calling  that  heat  lost. 

Jf.  Metallurgical  calculation  of  the  net  heat  requirements. 

In  any  event  it  is  necessary  to  measure  the  energy  input 
by  a  watt-hour-meter  (which  should  be  calibrated  before  and 
after  the  test).  We  must  have  accurate  weights,  samples  and 
analyses  of  all  materials  entering  into  the  charge  during  test. 
We  must  know  temperatures  in  critical  parts  of  operation  and 
we  must  be  positive  that  furnace  and  contents  are  substan- 
tially  in  the  same  metallurgical  condition  both  before  and  after 
the  test. 

The  easiest  but  not  the  most  certain  way  is  the  one,  enum¬ 
erated  before  as  (1),  of  calculating  metallurgically  the  heat- 
losses.  We  measure  or  estimate  the  thickness  of  the  walls, 
and  calculate  the  calories  lost  per  hour,  or  kilowatts  lost,  and 
which  pass  through  the  walls  under  measured  temperature 
differences  and  on  constants  of  thermal  conductivity  given  in 
standard  books  on  the  subject.  Providing  that  the  assump¬ 
tions  made  are  correct,  we  then  know  the  heat  is  uselessly  ap¬ 
plied.  This  heat  (He)  is  that  which  is  needed  simply  and 
solely  to  keep  the  furnace  at  its  working  temperature.  Sup¬ 
pose,  then,  that  is  in  a  certain  furnace  200  k.w.  and  that  aver¬ 
age  power  is  800  k.w.  Then  the  energy  usefully  applied  is 
800  k.w.  less  200  k.w.  or  600  k.w.  and  energy  usefully  applied 
is  600  k.w.  hr.  and  that  lost  is  200  k.w.  hr. 
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So  we  have  the  thermal  efficiency  of  the  furnace  under 
above  circumstances  given  as  this: 


T.  E.  = 


H  —  H 


e  


H. 


800  —  200 
800 


=  ( 


\C7 

°/C 


Under  (2)  we  find  in  a  furnace  with  a  thick  arch  and  a 
thick  bottom  and  water-jackets  that  nearly  all  the  heat  lost  is 
contained  in  cooling  water.  During  such  a  test,  we  weigh,  or 
meter  all  cooling  water,  take  its  ingoing  temperature  and  its 
outgoing  temperature.  L  his  will  be  illustrated  by  a  special 
case.  If  we  used  1200  kilograms  or  2040  tb  of  water  per  hour 
in  water-jackets  and  electrode  connectors  and  the  water  enters 
at  13  deg.  Cent,  and  leaves  at  74  deg.  Cent.,  then  the  heat  lost 
is,  if  specific  heat  of  water  be  taken  as  1, 


H  e=r  1200  XIX  (74  —  13)  calories  per  hour 
=  73  200  calories  per  hour 

—  ‘ "<M>-  k.w.  hrs.  per  hour 
860  1 

=  85.1  k.w. 


We  must  add  for  cases  where  a  greater  accuracy  is 
needed,  the  heat  lost  through  arch  and  bottom.  L  his  can  be 
calculated  and,  as  it  is  a  small  amount,  will  not  seriously  dis¬ 
turb  the  accuracy  of  the  results.  Suppose  that  this  is  calcu¬ 
lated  to  be  an  additional  9  k.w.  Then  the  total  heat  lost  is 
85.1  +  9  =  94.1  k.w.  If  then  the  furnace  is  smelting  300  tb. 
of  charge  per  hour  and  taking  142  k.w.  we  have  power  usefully 
absorbed  equal  to 

142  —  94.1  =  47.9  k.w. 

and 

t.e.  =  4 1 -  y».s% 

142 

If  now,  we  should  increase  the  smelting  rate  to  500  It) 
per  hour  and  found  that  the  power  lost  increased  to  98  k.w. 
the  k.w.h.  per  ton  of  ore  would  be  as  before*  320  k.w.h.  per 
ton  of  ore,  or  for  500  It)  a  usefully  absorbed  power  of  80  k.w. 

47.9  x  2000 

* _ 


300 


=  320  k.w.h.  per  ton. 
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so  the  total  power  needed  to  be  supplied  would  be  178  k.w. 
and  we  have 


T.I 


But  if  we  could  increase  smelting  rate  to  1000  lb  per  hour 
without  disturbing  the  metallurgy  of  the  smelting  zone,  by  in¬ 
creasing  temperature  more  above  its  “critical”  pointf  (that  is 
the  point  at  which  reactions  start  and  the  furnace  begins  to 
smelt)  we  would  of  course  again  slightly  increase  the  heat 
losses  because  of  the  slight  increase  in  temperature  of  smelt¬ 
ing  zone.  Let  us  say  that  loss  was  100  k.w.  We  would  now 
be  absorbing  usefully 

1222  X  320.  k.w.  =  100  k.w. 

2000 

Accordingly  we  have  an  enhanced  thermal  efficiency 

T.E.  =  !22_  =  01.5% 

260 

The  above  reasoning  and  calculations  exemplify  both  how 
a  thermal  efficiency  is  measured  and  what  it  means  metallurgi- 
cally. 

Another  way  to  calculate  power,  or  energy  lost  per  unit 
of  time  (say  an  hour)  is  to  run  our  furnace  on  dried  slag 
taking  care  that  the  slag  is  of  such  composition  that  there  is 
no  appreciable  chemical  reduction  in  smelting  it.  Any  reduc¬ 
tion  without  doubt  absorbs  heat  and  in  an  indeterminate 
amount  in  most  instances,  but  this  can  be  avoided  or  reduced 
to  a  negligible  minimum.  In  such  a  test  the  arch  and  smelt¬ 
ing  zone  must  be  kept  at  the  same  figures  or  approximations 
thereto  as  when  furnace  is  smelting  ore.  The  amount  of  heat 
required  to  smelt  the  slag  is  small  and  can  easily  be  deter¬ 
mined  by  the  known  method  of  dropping  hot  slag,  which  is 
afterward  weighed  cold,  into  a  weighed  amount  of  water  and 
measuring  the  temperature  rise.  This  will  give  the  total 
amount  of  heat  in  a  given  weight  of  slag  and  by  dividing  the 

fSuppose  the  “critical”  point  of  smelting  zone  is  1350  deg.  Cent,  and 
the  reaction  velocity  increases  directly  proportional  to  the  temperature  dif¬ 
ference,  we  have  smelting  zone  is  1355  deg.  in  one  case  and  1360  a  driving 
force  of  1355  —  1350  =  5  deg.  and  in  second  case  of  1360  —  1350  =  10  deg. 
or  exactly  twice  as  great  and  a  smelting  rate  twice  as  large. 
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total  heat  cooled  by  weight  of  slag  we  have  heat  contained  in 
one  kilogram  or  in  one  pound  of  slag  at  working  temperature. 
So  we  figure  out  the  energy  expended  by  melting  slag  and 
knowing  energy  put  into  furnace  both  in  a  given  time  we  have 
directly  the  heat  lost  in  radiation  and  conduction.  If  now  we 
found  that  it  took  109  k.w.  to  smelt  in  an  hour  200  tb  of  dried 
or  warmed  slag,  which  operation  required  100  k.w.  hrs.  per 
short  ton  we  would  subtract  10  or  200  -4-  2000  X  100  from 
109,  leaving  99  k.w.  lost.  So  if  the  furnace  took  142  k.w.  to 
smelt  300  lb.  of  charge  in  question  per  hour,  we  have  as  follows- 

T.E.  = 

142 

—  — — -  =  30.3% 

142  7 

In  running  a  furnace  on  “dead-juice”  the  amount  of  slag 
can  be  often  held  to  such  a  low  figure  that  the  energy  needed 
to  smelt  slag  especially  when  it  is  charged  at  1000  deg.  Cent, 
can  be  safely  neglected. 

We  have  described  the  third  way  to  calculate  the  thermal 
efficiency  of  electric  smelting.  The  last  and  fourth  way  is  to 
make  a  heat  balance  sheet  of  charge.  For  this  we  must  know 
accurately  weights  and  analyses  of  carefully  taken  samples  of 
all  components  of  charge.  We  must  know  the  reactions  oper¬ 
ating  and  the  extent  to  which  they  proceed.  We  must  know 
the  temperature  at  which  all  charge  enters  the  furnace  and  the 
several  temperatures  at  which  all  products  leave  the  furnace. 

Then  we  proceed  just  as  a  public  accountant  does  in 
making  the  heat  balance  sheet  of  a  corporation  with  the  differ¬ 
ence  that  he  is  dealing  in  dollars  or  monetary  units  while  we 
are  dealing  with  heat  units  such  as  the  calorie  or  B.  t.  u.  We 
proceed  to  itemize  each  caloric  credit  and  each  caloric  debit, 
add  the  several  items  on  one  side  and  the  several  items  on  the 
other  or  "red-ink”  side  and  subtract  one  from  the  other. 

The  difference  or  thermal  deficit  is  the  “Net  Heat  Re¬ 
quirements”  per  unit  of  weight.  This  unit  can  well  be  the  metric 
ton  for  the  calculations  are  much  simpler  working  with  per¬ 
centage  directly  transferable  into  kilograms  and  the  arith- 
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metical  processes  become  much  simpler  with  the  metric  sys¬ 
tem  than  when  pounds  and  short  tons  are  used.  Besides  it  is 
well  to  err  knowingly  on  the  safe  side  and  as  a  metric  ton  of 
2204.(1  pounds  is  almost  exactly  10  percent  greater  than  a 
short  ton  of  2000  It)  avoirdupois,  we  have  then  automatically 
acquired  the  habit  of  making  a  10  percent  allowance  on  the 
side  of  safety. 

Now,  with  the  Net  Heat  Requirements  of  a  ton  of  charge 
as  the  dividend  and  the  measured  amount  of  energy  used  to 
treat  one  ton  of  product  as  a  divisor,  the  quotient  is  the  thermal 
efficiency.  Suppose  we  have  calculated  that  it  takes  340  k.w. 
hrs.  to  smelt  one  ton  of  zinc  ore  containing  25  percent  zinc  and 
we  find  that  we  actually  use  1750  k.w.  hrs.  per  ton  of  charge, 
we  have: 

T.E.  =^.=  19.45% 

1 1  50 

If  we  smelted  a  ton  for  900  k.w.  hrs.  we  would  have 


T.E.  = 


340 

900 


In  smelting  complex  zinc  ores,  we  find  both  according  to 
theory  and  as  a  result  of  practice  that  it  takes  considerably 
more  power  to  smelt  ores  high  in  zinc  because  the  reduction 
of  the  zinc  oxide  and  the  volatilization  of  the  zinc  produced  in 
the  reduction  absorbs  considerable  heat;  in  fact  it  is  the  largest 
item  of  the  balance  sheet. 


Referring  to  my  paper  before  the  American  Electro-Chem¬ 
ical  Society  at  the  Denver  meeting,  September,  1913,  it  was 
shown  there  how,  in  tests  on  40  percent  zinc  ore  in  electric  fur¬ 
naces  Nos.  19  and  21,  we  calculated  the  thermal  efficiencies  by 
the  “dead-juice”  basis  (Method  No.  3)  and  by  the  metallurgy 
cal  calculation  basis  (Method  No.  4).  The  results  are  as 
follows : 

FURNACE  No.  19. 

Run  4  Run  5  Run  6  Run  7  Average 

55.5%  40.0%  63.8%  50.4%  47.5%  “Dead-juice”  basis 

46.3%  56.8%  54.5%  64.0%  55.5%  Metallurgical  calculation  basis 

The  average  figures  agree  not  so  badly  ivhen  we  consider 
the  total  time  of  four  tests  was  only  102  hours  and  longest  test 
was  only  48  hours.  It  might  have  been  very  easy  to  leave  the 
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furnace  in  a  hotter  condition  or  vice  versa,  both  before  or  alter 
a  test. 

In  the  three  longer  tests  made  in  electric  furnace  No.  21 
totaling  299.5  hours  the  agreement  was  much  closer. 

FURNACE  No.  21. 

Run  i  Run  2  Run  3  Average 

33.87c  39.8%  40.3%  38.0%  “Dead-juice”  basis 

34.3%  41.4%  34.8%  36.8%  Metallurgical  calculation  basis 

The  heat  balance  sheet  showed  that  ff  took  600  k.w.  hrs. 
for  the  net  heat  requirements  of  preheated  charge  containing 
40  percent  zinc.  In  tests  on  furnace  No.  21,  where  more  care 
was  used  than  in  tests  on  furnace  No.  19,  the  agreement  of 
figures  is  good  and  we  know,  to  a  range  accuracy  of  almost  •> 
percent,  with  a  reasonable  degree  of  certainty  that  a  pre¬ 
heated  charge  containing  800  lb  of  zinc  to  the  ton  could  be 
smelted  in  a  furnace  with  no  radiation  for  600  k.w.  hrs. 
Having  a  few  other  definite  figures  like  this,  it  is  not  hard  to 
make  some  seemingly  bold  predictions. 

Now  a  furnace,  having  no  heat  lost  by  radiation  and  oper¬ 
ating  with  100  percent  thermal  efficiency,  does  not  exist  save 
as  a  useful  mental  concept.  But  we  can  approach  this  by  care 
in  the  design  of  our  furnace  and  so  its  efficiency  can  be  in¬ 
creased. 

The  easiest  way  to  do  this,  as  is  brought  out  in  a  discus¬ 
sion  earlier  in  this  paper,  lies  in  increasing  the  smelting  rate. 
It  is,  as  was  elucidated,  a  fact  that  the  radiation  losses  are  but 
little  increased  by  an  increasing  smelting  rate.  There  is  only 
one  limit  to  this,  for,  from  the  nature  of  things,  a  great  in¬ 
crease  of  smelting  rate  will  disturb  the  normal  working  of  the 
furnace.  But  if  care,  insight,  and  foresight  be  employed,  the 
reactions  can  be  so  balanced  and  conditions  in  smelting  zone 
so  adjusted  that  this  increase  does  no  harm.  In  such  a  course, 
applied  physical  chemistry  must  be  used.  Such  a  procedure 
will  have  good  purpose,  not  of  making  two  blades  of  grass 
grow  where  one  grew  before,  but  of  smelting  two  pounds  of 
ore  where  one  was  smelted  before. 

There  is  another  way  to  increase  the  thermal  efficiency 
and  that  is  by  increasing  the  size  of  the  unit,  for  with  furnaces 
of  the  same  shape,  as  size  is  increased,  the  heat  lost  is  super- 
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ficial  and  is  proportional  to  the  square  of  any  dimension 
whereas  the  capacity  is  proportional  to  the  cube  of  any  di¬ 
mension.  So,  if  we  have  a  furnace  of  100  k.w.  losing  50  k.w. 
in  radiation  and  conduction  and  thus  possessing  a  thermal 
efficiency  of  50  percent  and  being  a  five  foot  cube,*  the  heat  in 
kilowatts  lost  per  square  foot  of  outside  area  is  calculated  as 
follows : 

Area  =  6X5X5  =  150  square  feet. 

Heat  lost  per  square  foot  =^50 — =  0-33  k.w. 

Now  its  contents  are  5  X  5  X  5  or  125  cubic  feet.  Assume 
its  smelting  capacity  at  200  lb.  per  hour,  or 

200 


125 


1.60  lb.  per  hr.  per  cu.  ft. 


of  laboratory  space.  Now  if  we  increase  this  to  a  10  ft.  cube,  we 
have  the  outside  area  of 

6  X  100  =  600  square  feet. 

The  total  heat  lost  of  this  furnace  is  1000  cubic  feet  and  so  it  has 
a  smelting  capacity  of 

1000  X  1.6  =  1600  lb.  per  hr. 

Accordingly  at  50  -s-  125  =  0.4  “useful  kilowatts  per  cubic  toot” 
it  absorbs  at  100  percent  efficiency 


50 


and  it  is 


125 


T.E.  = 


X  100  =  400  k.w. 


400 


•=  66.7% 


200  +  600 

A  smaller  furnace  of  2  foot  cube  would,  on  the  other  hand, 
have  this  thermal  efficiency. 

2X2X2X0.4  3.2 


T.E.  = 


( 6  X  ^  X  ^  X  E33)  _|_  ( 2  X^X3  X  0.4) 


11.2 


=  29.6% 


It  is  simple  mathematics  that  an  electric  furnace  has  a  better 
thermal  efficiency  as  size  increases. 

But  we  can  consider  also  a  furnace  with  the  height  kept  con¬ 
stant  which  better  represents  actual  commercial  conditions.  In 
this  case,  practically  all  the  heat  is  lost  on  the  sides,  since  we  can 

♦This  furnace  is  a  cube  theoretically  considered  having  walls  of  no 
thickness. 
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assume  that  the  arch  and  bottom  are  thick  and  that  water-jackets 
are  used  on  the  sides.  We  can  also  consider  that  all  the  heat  is 
lost  on  the  sides  and  that  the  actual  heat  lost  is  directly  propor¬ 
tional  to  any  dimension,  whereas  smelting  capacity  increases  as 
the  square  of  that  dimension. 

W  ithout  pursuing  the  mathematical  analysis,  a  practical  illus¬ 
tration  will  suffice. 

Suppose  we  have  an  electric  furnace  called  A  of  50  k.w.  with 
one  electrode  using  usefully  10  k.w.  while  10  k.w.  per  side  or  10 
k.w.  is  wasted. 

Then 


T.E.  =  J2=  20% 

10 

Suppose  we  make  a  composite  furnace  B  having  four  elec¬ 
trodes  and  made  of  four  furnace  A's  put  together  with  outside 
walls  twice  as  great.  The  heat  lost  is 

4  X  10  X  2  =  80  k.w. 
and  the  heat  usefully  absorbed  is 

4  X  10  =  40 

T.E.  =  _ ill _  =  33% 

40  +  80 

Now  in  furnace  C  we  have  as  heat  lost 

4  X  3  X  10  =  120  k.w. 

Heat  used  =  9  X  10  =  90  k.w. 

T.E.  =  _ Hi _ =  42.9% 

120  +  90 

If  we  increase  still  further  we  have  thermal  efficiency  higher. 
Of  course  no  one  is  going  to  be  so  foolish  as  to  build  a  furnace 


f-~iG  I  Furnace  A  Fig  2.  Furnace.  B 


Fig  3  Furnace C 
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with  “small  electrodes  stuck  over  the  top  like  candles  in  a  birth¬ 
day  cake.” 

But  if  instead  of  9  electrodes  in  furnace  C  we  used  one  bis: 
one  giving  out  210  k.w.  we  would  have  same  effect.  The  point  is 
that  along  lines  a  a' ;  b  b' ;  c  c'  and  d  d'  there  is  no  radiation  in  fur¬ 
nace  C,  but  in  furnace  A  there  is.  The  reason  is  that  when  the 
lines  are  inside  the  furnace  they  are  at  the  same  temperature  and 
no  heat  is  lost. 

Of  course  there  is  no  better  way,  if  it  is  feasible  to  increase 
thermal  efficiency  of  the  furnace,  than  by  making  its  shape  sym¬ 
metrical  and  the  nearer  the  form  of  a  cube  or  sphere  is  approached 
just  so  much  higher  will  be  the  thermal  efficiency. 

Increased  thickness  of  walls,  or  walls  designed  of  several 
materials,  each  possessing  a  different  temperature,  a  low  thermal 
conductivity  at  a  given  temperature  and  proper  refractoriness  will 
help  to  decrease  percentage  of  heat  losses.  Painting  the  outside 
of  furnaces  with  aluminum  paint  so  that  they  resemble  in  a  way 
the  walls  of  a  “Thermos”  bottle,  as  recommended  by  Prof.  J.  W. 
Richards,  so  that  the  heat  waves  can  strike  these  polished  surfaces 
and  be  reflected  inwards  is  often  a  cheap  and  neat  way.  Both 
these  latter  methods  are  especially  applicable  in  furnaces  of  “the 
soaking-heat”  type,  where  the  heat  passes  slowly  to  the  points  of 
useful  absorption. 

In  any  smelting  operation,  where  a  heat-absorbing  or  endo¬ 
thermic  reaction  proceeds,  the  efficiency  can  easily  in  nature  of 
things  be  high,  for  the  cooling  of  the  reaction  absorbs  heat 
rapidly. 

While  it  is  easy  to  be  pedantic  if  one  takes  the  “ex  cathedra” 
position  on  heat-balance  sheets,  it  is  just  as  easy  to  be  practical  and 
to  apply  the  heat  balance  sheet  to  reducing  costs.  As  in  most  elec- 
trothermic  cost  sheets,  the  power  item  is  largest  single  item,  any 
real  knowledge  when  rightfully  applied  saves  money,  provided 
due  weight  is  given  to  other  factors,  chief  of  which  is  capital  cost. 
In  discussing  a  heat-balance  sheet,  the  engineer  ofjen  generates 
and  wastes  a  lot  of  mental  energy.  But  this,  of  cour^,  is  unin¬ 
telligent  for  the  heat  balance  sheet  or  reckoning  of  thermal  effici¬ 
ency  should  be  intelligently  done  and  intelligently  applied  to  the 
technical  problem  in  hand. 
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DISCUSSION 

Mr.  W.  E.  Fohl:*  Are  electric  furnaces  likely,  in  the  near 
future,  to  supersede  our  present  blast  furnaces? 

The  Author:  I  should  say  that  there  is  little  chance  of  the 
electric  furnace  making  pig  iron  to  displace  the  iron  blast  fur¬ 
nace  within  the  next  twenty  or  thirty  years.  What  will  happen 
within  the  next  hundred  years,  no  man  can  say.  It  is  dangerous 
in  these  days  of  flying  machines  to  say  that  a  thing  is  impossible 
and  most  people  err  on  the  side  of  conservation.  But  the  electric 
pig  iron  furnace  seems  out  of  the  question.  Ihe  iron  blast  fur¬ 
nace  has  a  high  metallurgical  efficiency,  especially  as  regards 
labor  cost  per  ton  of  pig  iron.  I  here  are  lots  of  easier  things 
for  the  electric  furnace  to  do  besides — to  use  a  colloquialism 
tackling  the  metallurgical  heavyweight  champion. 

Mr.  W.  E.  Fohl  :  What  percentage  of  steel  is  produced  at 
the  present  time  in  the  electric  furnace,  in  America  ? 

The  Author:  Less  than  one  percent  of  the  steel  produced 
in  the  United  States  is  produced  in  the  electric  furnace  if  the 
steel  made  in  electric  steel  castings  plant,  as  is  pioper,  be  ex¬ 
cluded.  A  great  number  of  these  have  been  installed,  even 
within  the  past  year.  These  work  on  light  scrap,  such  as  turn¬ 
ings,  borings  and  “fins”  from  drop-forge  plants,  and  turn  out 
cheaply,  steel  castings,  especially  of  the  smaller  kinds,  competing, 
not  with  the  open  hearth  furnace,  but  with  the  side-blown  “baby” 
converter,  such  as  the  “Tropenas.” 

Mr.  W.  E.  Fohl:  What  type  of  electric  furnace  is  in  most 
general  use? 

The  Author:  The  “Heroult”  type  of  regulated  arc  fur¬ 
nace  using  two  or  three  electrodes,  8.5  in.  to  20  in.  in  diameter, 
is  the  type  used  in  America,  although  the  small  electrode  high- 

•Mining  Engineer,  Farmers  Bank  Building,  Pittsburgh. 
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voltage  “flaming  arc”  Snyder  furnace  is  coming  rapidly  into 
prominence. 

Mr.  Robert  Linton  :y  How  does  the  thermal  efficiency  ob¬ 
tained  with  the  electric  furnace  compare  with  the  thermal  effici¬ 
ency  obtained  with  furnaces  for  the  same  purposes  which  are 
heated  by  combustion  ? 

The  Author  :  It  is  almost  an  axiom  that  the  electric  fur¬ 
nace  must  have  a  higher  thermal  or  higher  other  efficiency  to 
compete  with  the  “carbon-fired”  furnace,  for  the  cost  of  the 
electrically  generated  heat  unit  is  several  times  as  great  as  that 
of  the  heat  unit  generated  by  burning  of  coal,  coke,  oil  or  gas.  As 
a  rough  typical  figure,  15  percent  may  be  called  the  thermal 
efficiency  of  the  open  hearth  steel  furnace,  while  the  Snyder  or 
Heroult  furnace  has  one  of  40  to  75  percent. 

On  the  70  k.w.  electric  zinc  furnace  that  we  ran  at  Hart¬ 
ford,  treating  complex  zinc  ores,  I  had  a  thermal  efficiency 
(T.E.)  of  from  15  to  50  percent  working  on  material  heated  to 
1000  deg.  Cent.  If  cold  material  had  been  charged  the  T.E. 
would  have  been  higher,  although  the  k.w.  hours  per  ton  of 
charge  would  have  been  higher.  Besides,  we  were  not  trying  for 
high  efficiency  as  regards  heat  (since  we  knew  that  this  would 
come  later  with  increase  in  size  of  unit),  but  were  putting  all  of 
our  energy  in  adjusting  the  metallurgy  so  that  the  furnace 
worked  smoothly  and  made  spelter,  not  “blue-powder.” 

Even  without  trying,  it  is  seen  that  we  had  much  higher 
thermal  efficiencies  than  that  of  the  ordinary  zinc  retort,  which 
I  estimate  to  be  from  4-  to  8-percent  in  the  United  States.  It 
goes  without  saying  that  if  one  puts  heat  in  an.  imponderable 
form  inside,  exactly  where  it  is  needed  and  understands  the  appli¬ 
cation  of  electric  heat,  the  thermal  efficiency  will  be  high  ;  but,  of 
course,  in  the  last  analysis,  it  is  the  cost  sheet  that  determines 
whether  the  electric  furnace  displaces  its  rival,  and  a  study  of  the 
thermal  efficiency  is  only  valuable  insofar  as  it  enables  the  en 
gineer  to  lower  costs. 

tMining  Engineer,  525  Penn  Ave.,  Pittsburgh. 


DISCUSSION — THERMAL  EFFICIENCY  OF  ELECTRIC  FURNACE  501 


Mr.  Samuel  E.  Duff:*  Does  it  appear  from  a  study  of  the 
thermal  efficiency  of  electric  furnaces,  and  their  increasing  effici¬ 
encies,  that  we  will  soon  reach  a  point  where  it  will  be  commer¬ 
cially  possible  to  use  the  electric  furnace  in  direct  competition 
with  the  coal  or  gas-fired  furnace? 


The  Author:  Of  course,  when  one  looks  at  it  from  this 
standpoint,  one  sees  that  a  ton  of  coal  of  11  147  B.  t.  u.  per  pound 
has  exactly  the  same  number  of  heat  units  as  a  horse  power  year. 
Now  a  short  ton  of  coal  in  the  Pittsburgh  district  costs  around  a 
dollar.  A  horse  power  year  will  cost  in  the  same  place  somewhere 
from  $30  to  $60.  This  means  that  the  cost  of  electrically  gen¬ 
erated  heat  in  this  district  is  30  to  60  times  as  great  as  the  cost  of 
heat  in  coal.  True,  the  former  is  a  much  more  available  form, 
or  I  would  not  be  talking  here  tonight,  but  the  fact  remains  that 
in  many  cases  under  present  conditions,  the  electric  furnace  can¬ 
not  compete  at  all,  even  at  100  percent  T.E.,  because  its  heat  cost 
is  so  high.  In  assuming  this  position,  I  do  not  wish  to  be  consid¬ 
ered  taking  an  extreme  position  of  caution  and  conservation,  for 
I  feel  certain  that  the  electric  furnace  has  a  field  of  wonderful 
promise  ahead  of  it.  I  do  maintain,  however,  that  it  is  right  to 
look  the  facts  squarely  in  the  face;  and  when  looking  this  fact  of 
high  heat  cost  in  the  electric  furnace  squarely  in  the  face,  one  gets 
a  sense  of  balancing  the  limitations  against  the  possibilities  and  so 
does  not  lose  his  judgment. 

We  have  begun  considering  electric  furnace  conditions  as 
they  are  in  this  country.  If  we  turn  to  Norway,  we  find  things 
different.  Energy  is  sold  at  ridiculously  low  prices.  There  is  a 
great  deal  of  water  power  running  to  waste.  It  has  a  high  head, 
a  nearly  constant  flow,  and  the  cost  of  installation  is  low.  More¬ 
over,  the  return  on  capital  that  is  expected  in  Norway  is  12  per¬ 
cent,  while  in  this  country  hydro-electric  promotors  demand  and 
receive  If)  to  25  percent.  Such  being  the  facts,  energy  is  sold  in 
Norway  for  low  prices.  1  have  good  information  that  contracts 
are  made  at  as  low  a  figure  as  $5.00  per  horse  power  year. 

But  even  this  being  the  case,  the  electric  furnace,  using  iron 
ore  and  turning  out  pig  iron,  has  not  been  a  commercial  success. 


♦Consulting  Engineer,  Empire  Building,  F’ittsburgh. 
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It  would  not  be  fair  to  say  that  it  is  exactly  a  failure  but  even  in 
those  extremely  favorable  conditions,  it  has  not  been  a  pronounced 
commercial  success.  There  are  many  iron  blast  furnaces  using 
coke  or  charcoal  in  Norway  and  Sweden,  and  only  a  few  electric 
pig  iron  furnaces.  If,  in  these  countries,  the  electric  pig  iron  fur¬ 
nace  cannot  compete,  or  competes  only  with  difficulty,  we  cannot 
hope  for  it  to  compete  in  Chicago  or  Pittsburgh.  We  can  say  that 
there  is  nothing  to  expect  of  the  electric  pig  iron  furnace  in  our 
country  for  many,  many  years,  and,  with  due  reservation,  this  is 
a  sound  and  logical  statement. 

Mr.  Elmer  K.  Hiles  :  What  is  the  greatest  field  at  present 
in  the  country  for  the  electric  furnace,  in  what  industries?  In 
the  heat  treatment  of  steel  ? 

The  Author  :  Heat  treatment  furnaces  is  a  field  that  affords 
promise  because  the  engineer  can  build  a  furnace  with  well-insu¬ 
lated  walls.  It  takes  little  electric  energy  when  once  furnace  and 
stock  are  up  to  proper  temperature  to  keep  things  right,  for  the 
heat  “soaks  right  there/’  so  to  speak.  Many  of  the  forge-bar  fur¬ 
naces  have  been  failures  since  they  have  to  take  the  heat  from  the 
resistor  and  put  it  into  the  forge-bar  in  a  short  space  of  time.  To 
make  a  practical  operation,  the  transfer  of  heat  must  be  so  rapid, 
that  the  resistor  is  at  a  terrifically  high  temperature  and  the  effici¬ 
ency  of  the  operation  is  poor.  Briefly  stated,  the  coke  resistor 
“arcs”  to  the  lining  and  the  heat  all  runs  to  the  bottom.  Radiation 
as  it  exists  in  electric  forge-bar  furnace,  is  slower  than  radiation 
and  convection  combined,  which  exists  in  the  forge-bar  furnace 
Here  the  current  of  burning  gases  carry  heat  around  the  stock  and 
heat  it  up  so  quickly  that  workmen  on  piece  work  are  satisfied. 

The  two  best  fields  that  come  to  my  mind  lie  in  the  metal¬ 
lurgy  of  zinc  and  in  the  melting  of  brass.  Brass  is  melted 
pretty  inefficiently.  The  T.E.  of  the  “pot”  furnace  is  some¬ 
times  lower  than  2-percent  and  rarely  as  light  as  5-percent. 
Brass  or  similar  alloys  are  melted  down  in  little  crucibles  that 
last  usually  25  to  30  heats.  These  are  expensive.  Moreover, 
when  a  crucible  breaks,  a  lot  of  valuable  metal  goes  into  the 
boxes,  only  half  of  which  is  recovered  by  washing.  Then,  too, 
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the  losses  of  zinc  due  to  the  sweep  of  the  gases  over  the  top  of 
the  crucible  are  considerable  since  zinc  is  a  volatile  metal.  At 
any  brass  foundry  you  can  see  the  white  smoke  of  the  zinc 
oxide  coming  from  the  stack  when  the  furnace  is  running  and 
the  labor  cost  is  heavy  and  oxides  often  contaminate  the  metal. 

On  the  other  hand,  we  have  instead  of  the  small  units,  i. 
e.,  the  crucible,  the  electric  furnace,  a  big  unit,  durable  with  a 
non-oxidizing  atmosphere,  and  of  a  character  that  enables  en¬ 
gineers  to  put  in  all  labor-saving  devices  that  are  desired.  It 
does  not  at  this  writing  need  a  broad  vision  to  see  the  possibil¬ 
ities  in  the  electric  brass  furnace.  1  he  Naugatuck  \  alley  is 
keenly  alive  to  this  though  it  hesitates  because  of  inability  to 
see  the  right  lines  along  which  to  progress.  A  Hering  furnace 
has  been  tried  at  Waterbury  and  is  not  unpromising. 

The  same  reasoning  that  applies  to  the  melting  of  brass 
holds  in  the  treatment  of  zinc  ore.  Zinc  ore  is  treated  in  little 
50  fb  retorts,  having  a  life  of  only  33  days.  1  here  is  a  heavy 
labor  charge  and  the  recovery  of  metal  is  very  much  lower 
than  is  the  case  with  other  metals  where  the  grade  of  the  ore  is 
the  same.  For  instance  the  zinc  recovery  on  a  40  percent  zinc 
ore  will  be  about  85  percent  while  on  a  40  percent  copper  ore 
it  can  be  as  high  as  95.1  percent.  1  hen  the  Johnson  electric 
zinc  smelting  process  allows  of  the  simultaneous  recovery  of 
other  values  such  as  lead,  copper  and  the  precious  metals. 

Of  course,  in  certain  lines  the  electric  furnace  has  a  held 
of  its  own.  You  cannot  make  calcium  carbide  except  in  the 
intensely  reducing  atmosphere  of  the  electric  furnace. 

Mr.  Elmer  K.  Hiles:  What  is  the  outlook  for  the  use  ot 
the  electric  furnace  in  soaking  pits  ? 


The  Author:  I  should  think  pretty  good.  It  does  not  re¬ 
quire  any  rapid  transfer  of  heat.  The  problem  is  simply  to  keep 
the  material  at  a  given  temperature.  Electric  heat  is  expensive 
and  one  must  use  it  with  care  and  foresight.  The  thermal  effici  • 
ency  of  this  and  similar  operation  is  always  high  with  the  electric 
furnace. 
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Mr.  Samuel  E.  Duff:  What  developments  have  been  made 
for  electric  rivet  heating  furnaces  that  can  be  carried  around  on 
structural  work  ? 


The  Author:  I  think  that  I  have  heard  of  somebody  using 
a  furnace  to  heat  rivets  but  not  a  portable  electric  furnace.  In  a 
proposition  like  that  you  would  heat  the  rivets  up  before  hand  and 
store  them  in  an  electric  furnace  with  walls  of  a  highly  insulating 
material. 

Mr.  Samuel  E.  Duff:  You  have  to  have  about  the  same 
temperature  when  a  rivet  comes  out  of  the  furnace.  You  could 
not  heat  very  many  at  a  time.  I  have  never  seen  anything  like 
that  in  a  practical  way,  but  I  have  heard  a  good  many  people  say 
that  it  is  going  to  be  done. 

The  same  thing  might  apply  to  a  furnace  used  for  heating 
bars  for  the  manufacture  of  rivets,  a  continuous  furnace  where 
long  bars  are  fed  in  at  one  end  and  heated  and  carried  through 
the  forging  machine  automatically.  If  some  means  could  be 
found  of  heating  the  bar  progressively  as  it  is  fed  into  the  ma¬ 
chine  it  would  make  an  enormous  reduction  in  the  heat  re¬ 
quired  for  that  operation. 

The  Author:  I  once  saw  an  electric  furnace  where  they 
simply  put  a  bar  between  water-cooled  rollers  which  had  10  to  15 
volts  between  them  so  that  a  current  of  5000  to  10  000  amperes 
passed  through  a  bar  about  1-inch  in  diameter.  It  heated  up 
quickly  to  a  rolling  or  forging  temperature.  The  scheme  did  not 
work  out  practically. 

Mr.  A.  Stucki  :*  For  the  information  of  the  former  speaker 
I  may  say  that  there  is  a  riveting  machine  on  the  market  which 
heats  the  rivets  right  in  the  machine  by  electric  current  previous 
to  driving  it.  It  is  mostly  used  for  smaller  size  rivets,  but  there 
is  at  least  one  machine  to  my  knowledge  in  the  Pittsburgh  district, 
which  drives  a  3/4  in.  rivet  and  reasonably  fast  at  that,  but  hardly 
fast  enough  for  structural  work. 

♦Consulting  Engineer,  Oliver  Building,  Pittsburgh. 
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There  is  no  doubt  in  my  mind  that  as  far  as  economy  in 
heating  is  concerned,  electricity  in  the  present  arrangements 
can  never  compete  with  the  ordinary  fuel  furnaces  except  when 
produced  by  water  power,  for  instance,  as  in  Norway,  otherwise 
we  can  only  look  for  its  use  when  we  need  specially  high  grade 
refined  steel  or  certain  alloy  steels,  where  the  extra  cost  of 
production  does  not  cut  any  figure.  For  this  reason  1  hardly 
consider  electricity  an  economical  heating  agent  for  soaking 
pits. 

The  next  step  in  this  direction  is  to  melt  the  metal  the 
usual  way  in  an  open  hearth  furnace  or  in  a  cupola  and  tro- 
penas  converter,  and  to  refine  it  in  the  electric  furnace.  Here 
the  induction  furnaces  have  apparently  special  advantages  in¬ 
asmuch  as  there  are  no  electrodes  to  burn  and  mix  with  the 
bath,  and  I  would  like  to  know  to  what  extent  fuel  molten 
metal  is  being  refined  by  electricity  and  what  style  furnace  is 
mostly  used  thereby. 


The  Author:  There  have  not  been  so  many  instances  of 
steel  melted  or  partially  refined  in  the  electric  furnace  and  then 
run  into  electric  furnace  for  a  final  refining.  A  good  deal  of  this 
has  been  done  abroad.  The  Steel  Corporation  has  done  it  at 
Worcester  and  at  South  Chicago  but  not  for  any  period.  \\  bile  it 
will  be  done  extensively  some  day  and  while  it  is  possible  to  figure 
out  a  profit  in  doing  it,  the  Steel  Corporation  has  its  standard 
plants  and  processes  and  naturally  does  not  wish  a  change,  at  least 
until  the  new  practice  is  so  developed  that  it  has  acquired  commer¬ 
cial  form  and  stability. 


The  induction  furnace  has  had  practically  no  success  in 
this  country.  Abroad,  it  has  been  used  a  great  deal.  Its 
thermal  efficiency  is  pretty  high  for  the  reason  that  the  walls 
can  be  well  insulated  so  that  the  heat  is  generated  directly  in 
the  metal.  However,  it  does  not  give  much  chance  for  refin¬ 
ing  because  of  this  long,  hot  ring  of  metal.  It  may  be  pure  in 
one  place  and  impure  in  another.  Ask  any  steel  man.  It  does 
not  look  like  a  furnace.  I  do  not  know  the  steel  business  prac¬ 
tically,  but  any  steel  man  will  look  askance  at  an  induction 
furnace  but  have  respect  for  a  Heroult  furnace.  Besides,  as 
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the  size  of  an  induction  furnace  increases,  the  power  factor 
gets  very  low  and  one  has  to  use  15  cycles  instead  of  25  or  60. 
So  we  find  that  little  progress  in  this  country  has  been  made  in 
the  induction  furnace  in  spite  of  the  efforts  to  promote  it  and 
the  glowing  expression  that  it  has  no  electrodes  which  are  an 
expense  and  make  the  electric  furnace  more  of  a  problem.  If 
we  could  get  a  furnace  without  electrodes,  it  certainly  would 
be  an  advantage. 

Mr.  A.  Stucki  :  About  two  years  ago  there  was  a  company 
in  New  York  putting  the  Kjellin  and  the  Roechling-Rodenhauser 
furnace  on  the  market,  about  thirty  of  them  having  been  in  use 
then.  I  would  like  to  ask,  Mr.  Johnson,  what  progress,  if  any, 
has  been  made  with  them  up  to  date  ? 

The  Author:  I  think  that  there  is  only  one  induction  fur¬ 
nace  in  this  country,  that  at  Landsdale,  Pa.,  outside  of  those  in 
several  college  laboratories.  There  may  have  been  changes  of 
which  I  know  nothing,  but  the  test  of  experience  shows  that  there 
has  been  nothing  to  it  here.  In  Germany,  there  are  technical  men 
who  are  willing  to  work  for  small  salaries  and  people  over  there 
are  willing  to  fuss  more  with  things.  Conditions  are  favorable  to 
the  induction  furnace  in  Germany  as  something  like  one-third  of 
the  electric  steel  is  made  there  in  the  induction  furnace.  In  this 
country  it  is  an  insignificant  fraction. 

A  Member:  A  few  years  ago  I  had  an  inquiry  from  a  man 
who  had  a  different  problem  from  what  we  have  in  Pittsburgh. 
In  Mexico  he  had  a  little  copper  ore  and  I  could  not  find  anybody 
that  would  talk  about  electric  furnaces  for  the  proposition. 

The  Author:  Several  furnaces  have  been  tried  on  that, 
notably  the  “Wile”  furnace.  The  problem,  as  a  metallurgical  one. 
is  simple ;  commercially,  it  can  be  a  success  under  certain  condi¬ 
tions. 


A  Member:  With  what  kind  of  ore,  oxide  or  sulphide? 
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The  Author  :  It  can  be  either.  With  lime  and  iron  oxide, 
the  silica  can  be  fluxed  and  vice  versa.  A  “slag  resistance  t\pe 
is  the  preferable  type.  The  electricity  flows  from  the  upper  elec¬ 
trode  to  the  lower  through  the  slag.  1  he  slag  circulates  around 
and  gives  off  its  heat  to  ore.  The  ore  is  smelted  down  and  the 
metal  drops  through  the  slag  to  the  bottom  while  the  impurities 
enter  and  form  the  slag.  Care  must  be  taken  to  keep  slag  within 
proper  limits  of  composition  or  the  voltage  will  go  up  or  down 
as  the  case  may  be. 


Mr.  Robert  Linton:  What  percentage  of  recovery  do  you 
get  in  the  electric  furnace  for  zinc  smelting  and  how  does  this 
compare  with  the  recovery  in  the  ordinary  retort  type  ?  Also,  can 
you  give  a  comparison  of  costs  of  zinc  smelting  in  these  two  types 
of  furnaces? 


The  Author:  In  commercial  practice,  ultimately  a  pretty 
high  recovery.  In  an  experimental  furnace,  it  is  impossible  to  get 
a  recovery  that  will  check  unless  a  long  run  is  made.  A  zinc  fur¬ 
nace  will  give  off  or  soak  up  zinc  in  the  arch.  In  a  run  of  42  days 
on  32  percent  zinc  ore,  we  got  a  recovery  of  86.1  percent,  which  is 
better  than  is  attained  in  the  ordinary  retort  operation  on  that 
class  of  ore.  At  times  on  some  of  our  work  we  could  get  100  per¬ 
cent  recovery,  simply  by  forcing  the  top  of  the  arch  to  a  high  heat, 
so  that  it  gave  off  zinc.  1  hen  again  in  first  days  with  a  new  fur 
nace,  the  recovery  is  only  30  percent.  However,  we  figured  that 
the  furnace  was  enclosed  and  by  calculating  our  slag  losses  in  zinc, 
we  would  have  losses  in  plant  by  “dusting,”  by  slag,  and  by  soak- 
age.  The  latter  would  be  the  greatest  and  depends  upon  the  life 
'of  arch.  If  it  lasts  six  months  or  a  year,  we  would  get  a  very 
'much  higher  recovery  than  with  the  ordinary  retort.  If  the  arch 
lasted  only  three  months  the  recovery  would  be  just  about  the 
same. 

I  think  that  the  cost  of  smelting  certain  classes  of  ores  will 
be  very  much  lower  in  the  course  of  time.  1  he  field  in  which 
we  are  working  is  on  ores  containing  so  much  lime,  iron  and 
magnesia,  as  to  make  a  slag.  No  zinc  works  would  handle 
such  an  ore,  because  it  cuts  the  retorts. 
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Of  paramount  importance,  is  the  recovery  of  copper  matte 
and  base  lead  bullion.  As  we  make  a  slag,  we  recover  these 
desirable  values  out  of  commercially  undesirable  ores  at  once. 
Our  furnace  looks  like  a  copper  matting  furnace  with  the  top 
cut  off.  Ultimately  electric  zinc  smelting  by  the  Johnson  pro¬ 
cess  will  play  a  leading  role  in  the  metallurgy  of  zinc. 

Prof.  S.  L.  Goodale:*  Mr.  Johnson  has  covered  in  an  ex¬ 
cellent  manner  the  phases  of  Thermal  Efficiency  which  he  has 
brought  up.  I  am  tempted  to  say  a  word,  however,  on  another 
phase  of  the  subject,  by  the  statement  in  the  latter  part  of  para¬ 
graph  5,  “On  this  basis,  the  thermal  efficiency  is  one  hundred  per¬ 
cent/’  Another  view  point  on  this  statement  is  that  of  heat  insu¬ 
lation  of  the  furnace.  The  efficiency  of  heat  insulation  varies 
from  one  furnace  to  another  and  consequently  the  amount  of 
energy  needed  to  keep  the  furnace  and  its  contents  at  working 
temperature.  From  the  point  of  view  suggested  we  might  have 
two  furnaces  of  the  same  size,  the  one  consuming  much  more 
energy  than  the  other,  and  yet  each  working  at  one  hundred  per¬ 
cent  efficiency.  In  other  words,  this  view  point  is  not  one  to  de¬ 
termine  efficiency. 

Temperature  equilibrium  is  reached  when  the  radiation, 
conduction  and  absorption  losses  or  uses  of  energy  are  equal 
to  the  input  of  energy.  As  the  necessary  input  of  energy  can 
be  made  less  by  improved  insulation  so  can  efficiency  be  in¬ 
creased.  Therefore  heat  insulation  becomes  a  very  important 
factor  in  thermal  efficiency.  It  is  closely  connected  with  “crit- 
ical”  point  discussed  later  in  the  paper;  better  heat  insulation 
having  an  effect  in  the  same  direction  as  would  a  lowering  of 
this  “critical”  point,  leaving  a  larger  proportion  of  the  energy 
input  as  a  surplus  above. 

The  Author:  Unquestionably,  as  Prof.  Goodale  indicates, 
heat  insulation  is  an  important  consideration  in  electric  furnace 
design,  although  there  are  certain  cases  where  it  can  be  neglected 
entirely,  i.e.,  in  a  water-cooled  furnace. 


Professor  of  Metallurgy,  University  of  Pittsburgh. 
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In  such  furnaces  as  those  doing  the  heat  treatment  of  steel 
a  large  proportion  of  ‘lie  energy  in  extreme  cases  100  percent 
is  lost  in  keeping  the  furnace  at  its  working  temperature. 
The  useful  work  is  none  and  if  one  could  devise  a  perfectly  in¬ 
sulated  furnace  no  electrical  heat  would  be  needed  except  in 
times  of  special  need.  What  Prof.  Goodale  brings  out  as  well 
is  that  where  the  work  is  simply  to  keep  a  body  hot  the  practi¬ 
cal  or  commercial  efficiency  is  greatly  enhanced  by  well  insu¬ 
lated  walls. 

In  my  remarks  on  electric  steel  castings  and  the  electric 
steel  furnace,  I  said  little  about  quality  of  steel  produced. 
While  poor  steel  can  be  and  has  been  produced  in  the  electric 
furnace,  it  is  remarkably  easy  to  make  good  steel  and  not  hard 
to  make  wonderful  steel.  As  the  steel  market  is  calling  for 
quality  more  and  more,  it  is  reasonable  to  expect  that  this  ad¬ 
vantage  of  the  electric  steel  furnace  will  increase  its  favor.  It 
should  be  strongly  emphasized. 


INSPECTION  OF  THE  MAGNOLIA  CUT-OFF 
IMPROVEMENT  BALTIMORE  AND 
OHIO  RAILROAD 


The  inspection  of  the  Magnolia  Cut-Off,  on  the  Cumber¬ 
land  Division  of  the  Baltimore  and  Ohio  Railroad,  by  the  Engi¬ 
neers’  Society  of  Western  Pennsylvania  afforded  the  two  hun¬ 
dred  engineers  taking  part  a  day  filled  with  pleasant  and  useful 
experiences. 

The  invitation  was  extended  by  Vice  President  A.  W. 
Thompson  at  the  Annual  Society  Banquet  last  February,  when 
he  was  presented  with  the  gold  medal  awarded  him  for  his  nota¬ 
ble  paper  describing  this  improvement.  All  who  did  not  make  the 
inspection  trip  should  carefully  read  Mr.  Thompson’s  paper, 
which  was  published  in  the  December,  1914,  issue  of  the  Pro¬ 
ceedings. 

On  Saturday,  July  17,  the  special  train  arranged  by  the 
officials  of  the  Baltimore  and  Ohio  Railroad  left  the  Pittsburgh 
Station  at  9  A.  M.  It  consisted  of  ten  cars,  including  parlor  cars, 
two  dining  cars,  and  the  private  cars  of  Mr.  C.  W.  Galloway, 
General  Manager ;  Mr.  F.  L.  Stuart,  Chief  Engineer,  and  Mr. 
Thompson. 

The  train  moved  exactly  on  schedule,  and  after  stopping  at 
Braddock,  McKeesport  and  Connellsville  settled  down  to  a  steady 
and  smooth  run  up  the  valley  of  the  Youghiogheny  River  and  its 
tributary,  Casselmans  River,  until  the  summit  at  Sand  Patch 
Tunnel  was  reached  about  noon.  During  the  run  up  the  west 
side  of  the  mountains  all  on  the  train  were  served  with  a  de¬ 
lightful  luncheon  in  the  dining  cars. 

The  splendid  train  accommodations  had  already  given  all  an 
indication  of  the  thoughtfulness  of  Mr.  Thompson  and  his  asso¬ 
ciates  of  the  Baltimore  and  Ohio  Railroad,  but  the  luncheon  made 
certain  that  the  Engineers’  Society  was  in  the  hands  of  friends 
who  knew  how  to  be  friendly.  Menu  cards  telling  of  the  good 
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things  provided  by  the  thoughtful  hosts  carried  photos  of  the 
work  at  Magnolia,  and  were  specially  designed  for  the  trip. 

At  Sand  Patch  Tunnel  a  halt  of  twenty  minutes  was  made. 
This  afforded  both  pleasure  and  profit,  because  many  friends  met 
here  for  the  first  time  on  the  trip.  All  had  been  so  comfortable 
ever  since  the  train  started  that  they  had  failed  to  move  around 
the  large  party  scattered  through  the  ten  cars.  1  he  entire  party 
swarmed  off  the  train  and  into  the  deep  cut  at  the  west  end  of 
the  Tunnel. 

The  tremendous  slide  which  cut  off  the  west  end  of  the  old 
tunnel  some  years  ago  was  carefully  examined.  1  he  railroad 
officials  pointed  out  in  detail  the  costly  work  of  changing  align¬ 
ment  caused  by  this  slide,  resulting  in  the  construction  of  the 
present  double-track  Sand  Patch  T  unnel. 

The  train  then  proceeded  down  the  east  slope  of  the  moun¬ 
tains  through  the  picturesque  Wills  Creek  Valley  to  Cumberland, 
Md.,  and  after  a  short  stop  there,  on  to  Green  Spring. 

At  Green  Spring  the  railroad  officials  had  in  waiting  a  spe¬ 
cial  inspection  train,  consisting  of  flat  cars,  on  which  temporary 
seats  were  installed.  Boarding  the  inspection  train  the  entire 
party  moved  forward  over  the  Magnolia  Cut-Off  improvement. 

The  day  was  bright  and  the  sun  strong,  but  a  pleasant  breeze 
tempered  the  heat.  Officials  of  the  railroad  company  were  scat¬ 
tered  through  the  train,  and  were  equipped  with  megaphones  so 
that  all  were  able  to  hear  the  story  of  the  details  of  the  construc¬ 
tion,  difficulties  encountered,  etc.,  as  well  as  the  answers  to  the 
many  questions  asked  by  the  visiting  engineers. 

The  locomotive  engineer  handled  the  train  very  skillfully,  so 
that  no  one  in  the  large  party  was  jostled  or  made  uncomfortable. 
The  interesting  sights  were  so  many,  and  the  explanations  of  the 
railroad  officials  so  complete  and  continuous,  that  the  comfortable 
situation  of  the  visitors  on  the  inspection  train  had  a  great  deal  to 
do  with  the  success  of  the  entire  affair. 

The  scenery  of  the  region  traversed  by  the  inspection  train 
is  especially  fine.  It  is  composed  of  the  rugged  and  well-timbered 
mountains  forming  the  Appalachian  Chain  where  they  are 
pierced  by  the  valley  of  the  Potomac  River.  Viewed  under  the 
favorable  circumstances  afforded  by  the  inspection  train  and  the 
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bright  clear  (lay,  it  moved  many  of  the  party  to  say  that  they 
preferred  the  softened  lines  and  changing  shadows  of  these  tim¬ 
bered  peaks  and  valleys  to  the  more  famous,  but  bare  and  rocky, 
buttes  and  canyons  of  the  Rockies. 

It  is  not  necessary  to  include  here  a  detailed  description  of 
the  Magnolia  Cut-Off  improvement.  Mr.  Thompson’s  paper  in 
the  December  Proceedings  sets  them  out  completely,  as  well  as 
the  business  necessities  and  carefully  worked  out  investigations 
which  brought  about  the  work. 

That  the  improvement  was  necessary,  well  considered  and 
carefully  planned  is  evident  from  Mr.  Thompson’s  paper.  The 
inspection  of  the  work  on  the  beautiful  July  day  under  circum¬ 
stances  which  permitted  a  complete  and  leisurely  examination  of 
all  details  impressed  upon  all  the  additional  important  fact  that 
the  construction  work  had  been  carried  out  carefully,  efficiently 
and  substantially.  The  laying  out  of  the  new  line  on  very  difficult 
ground  showed  evidence  of  careful  study.  Although  in  many 
cases  little  choice  was  left  on  account  of  the  proximity  of  the  old 
line,  and  the  necessity  of  maintaining  traffic  on  it,  yet  in  usually 
unimportant  details  the  completed  work  bears  witness  to  the  fore¬ 
sight  of  the  locating  engineer. 

As  the  experienced  railroad  builder  viewed  the  Magnolia 
Cut-Off  improvement,  the  impression  clearly  made  upon  his  mind 
was  that  here  was  a  piece  of  work  that  went  through  smoothly 
from  start  to  finish.  Experience  told  him  that  such  a  thing  was 
improbable,  and  consideration  of  the  natural  difficulties  encoun¬ 
tered  showed  that  it  was  practically  impossible.  The  inevitable 
conclusion  reached  by  all  competent  to  judge  was  that  the  high 
character  of  the  finished  work  was  due  to  the  foresight  of  the 
men  who  planned  it  and  to  the  expertness  and  care  of  those  who 
carried  it  out. 

Upon  reaching  Orleans  Road  the  party  re-entered  the  special 
train,  which  had  followed  them  over  the  old  line,  and  the  return 
journey  to  Pittsburgh  began.  Everyone  enjoyed  a  complete  and 
elegantly  served  dinner  during  the  run  of  two  hundred  miles 
home.  Terminal  Station,  Pittsburgh,  was  reached  shortly  after 
10  P.  M. 

The  following  gentlemen  were  on  the  trip : 
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Affelder,  \Y.  L. 
Atcherson,  R.  \V.  H. 
Allison,  John 
Allderdice,  Norman 
Allderdice,  Taylor 
Atwood,  J.  A. 
Averell,  W.  H. 
Balph,  M.  Z. 

Barr,  J.  Toner 
Barron,  John 
Bate,  H.  A. 
Baumgartner,  J.  H. 
Baugh,  E.  V. 
Beattie,  J.  A. 
Bennett,  J.  A. 
Bihler,  L.  C. 

Black,  Van  Lear 
Blaser,  F.  E. 

Blum,  L.  P. 
Boughner,  A.  G. 
Bouton,  W.  S. 
Boulton,  \Y.  R. 
Braden,  O.  S. 
Braden,  E.  Y  . 
Bradley,  H.  S. 
Brown,  E.  C. 

Burns,  J.  L. 

Bragg,  R.  D. 

Call,  L  A. 

Campbell,  W.  I. 
Carl,  F.  L. 

Carr,  A.  B. 

Carten,  C.  N. 

Case,  G.  W. 
Chalfant,  J.  G. 
Collins,  T.  M. 

Cooper,  S.  G. 

Crea,  Thomas  C. 


Creighton,  G.  \\  . 
Cummins,  A.  C. 
Cummins,  R.  \V. 
Cushing,  \Y.  C. 
Cuthbert,  A.  B. 
Danforth,  G.  H. 
Dean,  J.  F. 

Didier,  Paul 
Donkin,  \Y.  A. 
Doyle,  J.  T. 

Dravo,  F.  R. 
Dravo,  R.  M. 
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THE  HARLEM  RIVER  FOUR-TRACK  SUBWAY 

TUNNEL 


By  Olaf  Hoff*. 

The  Harlem  River  Tunnel,  the  subject  of  this  paper,  forms 
a  link  in  the  Lexington  Avenue  Subway  system  now  under  con¬ 
struction  by  New  York  City.  Together  with  about  1500  ft. 
of  approaches  it  forms  contract  section  No.  14  of  the  Lexing¬ 
ton  Avenue  Subway.  This  section  begins  half  way  between 
128th  and  129th  Streets,  Manhattan,  and  extends  to  the  begin¬ 
ning  of  Mott  Avenue  on  the  Bronx  side.  The  tunnel  thus 
connects  the  two  boroughs  of  Manhattan  and  the  Bronx.  It 
runs  under  the  river  in  very  nearly  a  direct  line  north  and 
south,  forming  an  angle  of  approximately  45  deg.  with  the 
direction  of  the  current.  The  total  length  of  the  section  is 
about  2630  ft.  of  which  the  subaqueous  tunnel  is  1080  ft. 

The  Lexington  Avenue  subway,  see  Fig.  1,  is  a  four  track 
structure,  two  tracks  of  which  are  for  express  service  and  two 
for  local.  Generally  it  is  built  as  a  double  deck  structure,  the 
two  local  tracks  being  on  the  upper  deck,  and  the  two  express 
tracks  on  the  lower.  Under  the  Harlem  River  these  four  tracks 
are  brought  to  the  same  level  and  are  carried  under  the  river 
in  four  separate  tubes,  constructed,  however,  as  one  unit.  The 
roof  of  the  tunnel,  in  accordance  with  the  requirements  of  the 
War  Department,  is  placed  at  such  an  elevation  as  to  give  a 
navigable  depth  of  water  at  low  tide  of  25  ft.,  or  at  mean  high 
tide  a  little  over  30  ft. ;  in  other  words,  designating  mean  high 
water  at  elevation  100,  the  top  of  the  tunnel  roof  is  placed  below 
elevation  70 ;  the  bottom  of  the  tunnel  structure  is  at  about 
elevation  41.5.  The  general  level  of  the  river  bottom  is  approxi¬ 
mately  at  elevation  75. 

The  approaches  are  brought  down  on  a  3  percent  grade 
towards  the  river  crossing,  which  is  nearly  on  a  level  between 
the  bulkhead  lines,  having  merely  a  0.3  percent  grade  to  a  sump 
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located  about  400  ft.  from  the  northerly  end  of  the  tubes. 

North  of  the  sump  the  river  tubes  are  on  a  3  percent  grade 
and  a  vertical  curve.  At  the  south  end  they  are  on  a  vertical 
curve  and  also  for  a  short  distance  of  30  ft.  on  a  horizontal 
curve. 

The  general  method  of  constructing  the  subaqueous  sec¬ 
tion  was  essentially  the  same  as  that  used  in  building  the  Mich¬ 
igan  Central  Railroad  Tunnel  under  the  Detroit  River  at 
Detroit,  Michigan — the  second  time  in  its  history  that  this  method 
has  been  used.  Only  such  modifications  were  made  as  were  dic¬ 
tated  by  local  conditions  and  other  circumstances. 

This  method  comprises  first  the  dredging  of  a  channel  in  the 
bottom  of  the  river  of  dimensions  sufficiently  large  to  receive 
the  tunnel  structure.  In  this  channel  are  sunk  steel  tubes  of  the 
proper  shape  and  dimensions,  brought  to  true  grade  and  align¬ 
ment,  and  then  encased  in  concrete,  which  extends  underneath, 
around  and  above  them  in  one  monolithic  mass.  The  tubes  are 
then  pumped  out  and  lined. 

This  method  was  devised  primarily  for  the  purpose  of  elim¬ 
inating  the  use  of  compressed  air  in  constructing  tunnels  and 
thereby  also  eliminate  the  dangers  and  risk,  which  is  always 
involved  in  carrying  on  operations  in  compressed  air. 

Dredging :  The  bottom  of  the  Harlem  River  at  the  inter¬ 
section  of  Lexington  Avenue  is  composed  of  a  soft  silt  for  a 
depth  of  some  15  ft. ;  then  it  changes  generally  into  sand  which 
further  down  changes  again  into  sand  and  gravel  packed  together 
fairly  hard.  In  spots  it  was  found  to  be  so  hard,  as  to  make 
dredging  rather  difficult. 

Several  telephone  and  power  cables  crossed  the  river  at  the 
tunnel  site,  and  these  had  to  be  removed  and  relocated  before 
dredging  could  proceed. 

In  order  to  facilitate  the  construction  and  comply  with  the 
requirements  of  the  War  Department  with  respect  to  keeping 
open  a  navigable  channel  at  all  times,  it  was  decided  to  divide 
the  subaqueous  section  in  five  parts  or  sub-sections  A ,  B,  C,  D 
and  E  as  shown  on  the  map  and  profile.  The  dredging  was  done 
and  the  tube  sections  built  and  sunk  in  the  order  of  their  lettering. 

Accordingly  the  dredging  of  the  trench  was  begun  towards 
the  middle  of  the  river,  working  southward  towards  the  bulk- 
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head  on  the  Manhattan  side,  completing  it  for  the  sinking  of 
Section  A  first,  then  B,  C,  D  and  E;  Section  D  being  the  most 
northerly  one  tying  up  with  the  approach  on  the  Bronx  side 
and  Section  E  the  most  southerly  one  connecting  with  the 
approach  on  the  Manhattan  side.  The  trench  was  dredged  to  a 
width  of  81  ft.  at  the  bottom  with  side  slopes  of  approximately 
1  :  1.  These  slopes  would  vary  a  great  deal  according  to  the 
nature  of  the  material.  In  places  they  would  be  considerably 
steeper  than  1  :  1  and  again,  in  other  places,  as  flat  as  2  :  1  and 
even  more. 

The  material  showed  very  little  tendency  to  cave  in,  and 
although  the  Harlem  River  is  a  tidal  stream,  the  current  conse¬ 
quently  changing  direction  four  times  every  24  hours,  still  the 
tendency  of  the  trench  to  fill  up  was  imperceptible.  The  depth 
of  the  trench  varied  from  about  35  ft.  at  the  middle  of  the  river 
to  about  61  ft.  at  the  banks.  The  total  amount  dredged  out  for 
the  tunnel  proved  to  be  274  000  cu.  yd.,  while  the  estimated 
amount  based  upon  1  :  1  slope  was  272  000  cu.  yd.,  thus  demon¬ 
strating  that  the  assumption  of  1  :  1  as  an  average  for  the  whole 
tunnel  was  very  nearly  correct. 

Steel  Tubes :  The  steel  tubes,  Fig.  2,  to  be  sunk  in  the 
trench  consisted  of  four  separate  tubes — one  for  each  track,  19 
ft.  in  diameter  and  spaced  17  ft.  apart  center  to  center  tubes. 
The  outside  of  the  outer  tubes  formed  a  circle,  but  where  adja¬ 
cent  to  each  other  the  sides  were  flattened  and  spaced  2  ft. 
apart.  The  tubes  were  built  in  five  sections,  three  of  which 
A}  B  and  C  were  220  ft.  in  length;  one,  Section  D  (the  north¬ 
erly  end  section)  219  ft.,  and  one,  Section  E  (the  southerly  end 
section)  199  ft. ;  making  a  total  length  of  the  five  sections  of 
1078  ft.  over  all,  of  the  steel  work.  The  tubes  were  built  of 
Y%  in.  thick  shell  plate;  they  were  reinforced  every  15  ft.  7  in. 
along  their  axes  with  *4  m ■  steel  diaphragm  plates,  which 
extended  2  ft.  3  in.  below  the  bottom  of  the  tube,  3  ft.  3  in. 
above  the  top  and  3  ft.  beyond  the  outside  tubes ;  the  diaphragms 
thus  measured  24  ft.  6  in.  in  depth  and  76  ft.  in  length.  They 
were  connected  to  the  tubes  by  means  of  -1)4  X  ^  X  fs  in.  angle 
irons  and  their  edges  were  stiffened  by  double  angle  irons  of  the 
same  dimensions.  Along  the  vertical  sides  of  the  diaphragms 
was  bolted,  edge  to  edge,  a  solid  layer  of  planking  1  in.  thick 
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for  a  height  of  11  ft.  G  in.  from  the  bottom,  and  II  in.  thick  for 
the  remaining  13  ft.  Half-way  between  the  diaphragms  the  tubes 
were  stiffened  by  a  circumferential  angle  iron  4  X  3  X  /2  in- 
placed  on  the  outside  of  the  tubes,  to  which  the  planking  was 
fastened  at  the  middle  by  means  of  short  angle  iron  braces  for 
the  purpose  of  providing  additional  support. 

The  flattened  sides  of  the  adjacent  tubes  were  held  together 
by  means  of  1  inch  diameter  bolts,  spaced  2  ft.  3  in.  apart  longi¬ 
tudinally  and  with  a  vertical  spacing  of  15  in.  near  the  bottom  of 
the  flattened  sides,  varying  to  18  in.  at  the  top.  The  bolts  had 
two  nuts  at  each  end,  one  on  each  side  of  the  shell  plate. 

Yokes  or  straps  of  '2l/2  X  lA  in-  steel  were  fastened  inside 
of  the  flat  sides,  using  the  same  bolts,  thereby  tying  the  con¬ 
crete  linings  of  the  adjacent  tubes  together  as  one  mass. 

The  flattened  sides  were  provided  with  openings  4  X  9  ft. 
to  make  the  tubes  accessible,  one  from  the  other.  These  open¬ 
ings  were  only  two  in  number  in  the  central  partition  wall,  spaced 

■ 

equidistant  from  each  other  and  the  ends  of  the  tubes.  In  the 
two  other  partition  walls,  these  openings  came  approximately  50 
ft.  apart.  At  the  sumps  a  larger  opening  was  provided  in  these 
walls,  in  which  the  pumps  are  situated.  The  sumps  are  two  in 
number,  one  for  each  pair  of  tubes;  each  sump  has  a  capacity 
of  3000  gallons. 

The  diaphragms  serve  the  threefold  purpose  of  stiffening 
the  tubes,  of  rigidly  holding  them  together  and  together  with  the 
planking  on  the  sides,  of  forming  a  series  of  pockets,  open  at 
the  top  and  the  bottom,  into  which  the  exterior  concrete  could 
be  filled. 

The  purpose  of  the  steel  tubes  is,  in  the  first  place,  to  serve 
as  a  form  for  the  exterior  concrete;  they  also  serve  the  purpose 
of  waterproofing,  and  again  they  add  materially  to  the  struc¬ 
tural  strength  of  the  tunnel. 

It  is  assumed,  when  the  steel  tubes  are  un watered,  that  the 
shell  is  exposed  to  a  full  hydrostatic  pressure — transmitted 
through  the  exterior  concrete — at  all  points,  which  pressure  it 
is  capable  of  resisting,  as  the  exterior  concrete  holds  it  in  place 
preventing  deformation. 

The  amount  of  exterior  concrete  required  is  controlled  bv 
the  fact  that,  when  the  tubes  are  unwatered,  there  must  be 
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sufficient  weight  in  the  structure  to  hold  it  down  with  a  safe 
margin.  The  excess  of  the  weight  of  the  exterior  concrete  and 
the  steel  tubes  ever  the  buoyancy  of  the  mass  amounts  to  a 
trifle  over  one  and  one-half  tons  per  lineal  foot  of  tunnel  for  the 
four  tubes.  The  amount  of  exterior  concrete  thus  determined, 
in  turn  determines  the  lateral  dimensions  of  the  diaphragms. 

The  steel  tubes  were  fabricated  by  the  American  Bridge 
Company  and  shipped  “knocked  down.”  They  were  assembled, 
riveted  up  and  caulked  by  the  general  contractors  for  the  tunnel. 
This  was  done  in  a  slip  in  the  Harlem  River  rented  for  the  pur¬ 
pose  and  located  about  a  mile  west  of  the  tunnel  site.  A  false¬ 
work  was  driven  in  the  slip  consisting  of  four  rows  of  piles, 
in  which  the  piles  were  spaced  15  ft.  7  in.  on  centers  and  capped 
longitudinally  with  two  12  X  12  in.  timbers  on  the  top  of  each 
other.  Crosswise  of  the  slip,  these  rows  were  spaced  equal  dis¬ 
tances  apart  so  as  to  bring  the  last  rows  just  underneath  the 
vertical  sides  of  the  diaphragms,  thus  giving  each  diaphragm  four 
points  of  support. 

On  the  bulkhead  at  one  side  of  the  slip  were  mounted  two 
derricks  with  their  respective  hoisting  engines.  These  derricks 
were  used  for  erecting  and  the  outer  one  for  unloading  as  well, 
all  the  steel  being  delivered  by  lighter. 

On  the  opposite  side  from  the  bulkhead  a  trestle  was  built 
in  the  slip  with  a  track  about  15  ft.  above  high  tide.  On  the 
track  of  this  trestle,  which  ran  parallel  with  the  tubes,  was 
operated  a  locomotive  crane  with  extension  boom  long  enough 
to  place  the  steel  plates  for  the  second  tube  away  from  it; 
in  other  words,  between  the  two  derricks  on  the  one  side  and 
the  locomotive  crane  on  the  other  side,  all  the  steel  for  the  tubes 
could  be  set  and  assembled. 

An  air  compressor  with  necessary  boiler  and  so  forth,  capa¬ 
ble  of  furnishing  450  cu.  ft.  of  free  air  per  minute,  supplied 
power  for  11  -riveting  hammers,  8-caulking  hammers  and  2-ream¬ 
ers,  which  comprised  the  maximum  equipment  used  at  any  one 
time. 

The  tubes  were  built  complete  in  the  slip  and  the  wooden 
sheeting  along  the  edges  of  the  diaphragms  bolted  on  before 
thev  were  launched.  At  the  ends  they  were  fitted  with  bulk- 
heads  so  that  when  launched  they  would  float  on  their  own  bot- 
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toms.  These  bulkheads  were  placed  at  the  last  diaphragm  and. 
except  as  noted  later,  served  the  purpose  only  of  floating  the 
tubes  and  controlling  the  sinking.  1  he  bulkheads  of  the  outer 
tubes  were  carried  all  the  way  up  to  the  roof  while  the  inner 
tubes  had  low  bulkheads  reaching  from  the  bottom  of  the  shell 
to  only  a  couple  of  feet  above  the  flotation  line  of  the  tubes  after 
launching.  These  bulkheads  were  of  light  construction  and  con¬ 
sisted  of  8  X  10  in.  uprights,  spaced  5  ft.  on  centers  to  which 
was  fastened  3  X  12  in.  yellow  pine  planking,  running  hori¬ 
zontally,  with  the  ends  trimmed  to  fit  the  steel  shell  and  bearing 
against  a  Sl/2  X  3  X  H  in-  angle  iron  rivete(l  t0  the  inner  cir" 
cumference  of  the  shell. 

At  the  southern  end  of  Section  A  (the  first  section  sunk) 
and  at  the  northerly  end  of  Section  D  (the  fourth  section  sunk) 
the  bulkheads  were  constructed  to  resist  the  full  hydrostatic 
pressure  and  all  four  bulkheads  extended  to  the  roof  of  the  tun¬ 
nel.  The  object  of  this  was  to  permit  the  four  sections,  A  B, 
C  and  D  to  be  pumped  out  and  lined  before  sinking  and  con¬ 
creting  Section  E.  These  bulkheads  were  made  of  rolled  steel 
beams,  provided  with  extra  flange  plates,  placed  in  an  upright 
position  and  spaced  3  ft.  9  in.  on  centers.  To  these  beams  were 
fastened  6  X  12  in.  yellow  pine  timbers  placed  flatwise  against 
the  beams.  They  were  fitted  against  the  shell  and  provided  with 
bearing  at  the  ends  as  before  described.  All  bulkheads  were 
caulked  with  oakum.  1  he  bulkheads  of  the  outer  tubes  of 
the  first  section  were  provided  with  12  in.  inlet  valves ;  these 
were  dispensed  with  in  the  subsequent  sections  as  it  was  found 
quite  as  convenient  to  saw  out  a  couple  of  planks  in  the  low 
bulkheads  of  the  middle  tubes  to  let  the  water  in ;  from  the 
middle  tubes,  the  water  could  flow  into  the  outer  tubes  through 
suitable  openings  provided  in  the  wooden  partitions,  which  were 
placed  in  the  4  X  9  ft.  openings  of  the  partition  walls  of  the 
tubes  in  order  to  prevent  too  rapid  an  inflow  of  water  from  the 
center  tubes  to  the  outer  tubes. 

The  outer  steel  tubes  were  further  provided  with  semi-bulk¬ 
heads  placed  three  pocket  lengths  or  about  47  ft.  from  the  bulk¬ 
heads  at  the  ends.  These  semi-bulkheads  extended  from  the  top 
of  the  steel  tubes  down  to  about  2  ft.  below  the  center  line  and 
served  the  purpose,  during  sinking,  of  trapping  the  air  at  the 
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ends  of  the  tubes  and  thus  prevent  the  tubes  from  plunging 
endwise  before  they  were  caught  up  by  the  air  cylinders  on  top. 
These  semi-bulkheads  were  also  of  light  construction  similar  to 
the  light  bulkheads  at  the  ends. 

Four  detachable  steel  masts  were  attached  to  the  outer  tubes, 
one  at  each  end  and  of  sufficient  length  so  that,  when  the  tubes 
were  in  their  permanent  position  in  the  bottom  of  the  trench, 
at  least  10  ft.  of  the  mast  would  be  visible  above  the  surface 
of  the  water.  At  the  upper  end  of  each  mast  was  clamped  a 
thin  metal  plate  divided  into  feet  and  tenths  and  served  the  pur¬ 
pose  of  a  level  rod.  To  each  mast  was  further  clamped  a  cross 
arm  with  a  target,  the  center  of  which  was  placed  1-ft.  to  one 
side  of  the  actual  center  of  the  outer  steel  tube.  By  this  means 
a  transit  set  up  in  proper  position  could  place  both  ends  of 
the  tube  in  their  proper  alignment  while  a  level  instrument  on 
the  bank  was  placed  so  as  to  read  the  level  on  all  four  masts. 

In  order  to  connect  a  section  of  tubes  to  be  sunk  with  the 
section  in  place  the  ends  were  provided  with  an  exterior  angle 
iron  2>y2  X  3X  X  Yi  in.  and  an  interior  Z  bar  4  X  ^  in.  The 
angle  was  placed  with  the  back  away  from  the  end  and  was 
fastened  to  the  shell  with  the  same  row  of  rivets  connecting 
the  Z  bar  to  the  shell ;  the  web  of  the  latter  came  in  the  same 
plane  with  the  outstanding  leg  of  the  angle  with  the  inner  flange 
of  the  Z  bar  pointing  away  from  the  end  of  the  tube.  The 
tubes  butted  end  to  end  and  were  bolted  together  by  means  of 
X  in.  bolts  spaced  about  18  in.  apart  passing  through  the  out¬ 
standing  leg  of  the  exterior  angle.  These  bolts  were  inserted 
by  divers. 

After  the  tubes  were  unwatered,  a  Y  in.  plate  13  in.  wide 
was  bolted  to  the  inner  and  outstanding  flange  of  the  Z  bar  and 
the  pocket  formed  between  this  plate,  the  Z  bar  and  the  shell,  was 
filled  with  grout. 

In  order  to  bring  a  section  into  its  true  position  so  as  to 
connect  it  to  the  adjoining  section,  there  was  provided  at  each 
end  of  the  two  outer  tubes  a  pin  and  socket  arrangement,  shown 
in  Fig.  3.  On  the  section  already  in  place  was  bolted  a  funnel 
shaped  casting,  or  socket,  with  the  funnel  pointing  towards  the 
next  section.  This  casting  also  formed  a  support  for  the  mast. 
On  the  corresponding  end  of  the  next  section  was  bolted  a  cast- 
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Fig.  3.  Pilot  Pin  and  Socket. 


ing  in  which  rested  a  pilot  pin  4%  in.  diameter,  3  ft.  5  in.  long 
and  turned  down  to  a  point ;  this  pilot  pin  fitted  into  the  nar¬ 
row  end  of  the  socket  and  had  a  slot  in  which  a  key  was  inserted 
by  the  diver  when  the  pilot  pin  had  passed  through  the  funnel 
casting,  thus  effectually  locking  the  two  sections  together. 

The  total  weight  of  metal  in  each  of  Sections  A,  B,  C  and  D 
was  about  600  tons  and  the  amount  of  lumber  about  60  000 
f.b.m.  Section  E  contained  about  533  tons  of  steel  and  56  000 
f.b.m.  of  lumber,  this  section  being  shorter  by  20  ft.  than  the 
others.  The  large  sections  required  about  80  000  field  rivets. 
Section  A  was  built  complete  in  42  working  days,  Section  B  in 
32,  Section  C  in  31,  Section  D  in  25  and  Section  E  in  20  working 
days. 

Launching :  The  220  ft.  sections  when  completed,  ready  for 
launching,  weighed,  steel,  lumber  and  all  about  770  tons.  In 
order  to  launch  this  mass,  nine  flat  boats  14  ft.  3  in.  wide,  80  ft. 
long  and  5  ft.  2  in.  deep  were  floated  in  at  low  tide  under  the 
tubes  between  the  rows  of  piling  in  the  slip.  They  would  just 
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barely  clear  the  diaphragms,  the  height  of  the  falsework  being 
so  arranged. 

With  the  rising  tide  the  boats  would  bear  up  against  the 
diaphragms  of  the  tubes  and  as  the  tide  continued  to  rise  would 
gradually  take  the  weight  of  the  tubes  off  from  the  ways  and  at 
high  tide  the  tubes  would  be  entirely  clear.  They  were  then 
pulled  out  of  the  slip  into  the  river  by  tugs,  Fig.  4,  after  which 
the  boats  were  scuttled  by  opening  valves  provided  for  the  pur¬ 
pose  ;  they  were  sufficiently  filled  with  water  in  about  15  min¬ 
utes  to  cause  the  tubes  to  settle  down  and  float  on  their  own  bot¬ 
toms.  The  boats  on  one  side  generally  filled  a  trifle  faster  than 
the  boats  on  the  other  side,  causing  the  superimposed  tubes  to 
roll  gently  over  until  caught  up  by  their  own  buoyancy  and  then 
roll  back  again  until  all  four  tubes  floated  level,  Fig.  5.  The 
flat  boats  were  then  pulled  out  and  the  tube  section  was  ready 
to  be  towed  down  to  the  tunnel  site  and  sunk. 


Fig.  4.  Launching  a  Tube  Section. 
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Fig.  5.  Scuttling  the  Flat  Boats. 


In  towing  the  tubes  they  had  to  pass  through  three  draw 
bridges  with  clear  openings  of  only  from  10  to  20  ft.  more  than 
the  width  of  the  tube  section ;  this  was  accomplished,  however, 
safely  and  without  mishap  in  every  instance. 

Sinking :  In  order  to  sink  a  tube  section  and  at  all  times 
have  it  under  complete  control  it  was  provided  with  four  steel 
air  cylinders  10  ft.  6  in.  diameter  and  68  ft.  3  in.  long.  1  hey 
were  mounted  crosswise  on  top  of  the  tubes  between  the  first 
and  second  and  the  third  and  fourth  diaphragms  from  each  end 
of  the  tubes.  These  air  cylinders  were  built  of  5/16  in.  steel 
plates,  the  ends  being  dished.  Each  cylinder  was  divided  into  a 
center  and  two  end  compartments,  the  center  compartment  being 
17  ft.  8y2  in.  in  length.  Each  end  compartment  was  provided 
on  top  with  a  4-in.  globe  valve  connected  to  a  4-in.  pipe  leading 
to  within  1  y2  in.  of  the  bottom  of  the  cylinder  and  by  means  of 
which  the  end  compartment  could  be  filled  or  emptied  as  might 
be  desired.  To  this  end  each  compartment  was  further  pro- 
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vided  with  a  2-in.  valve  by  means  of  which,  through  a  hose, 
air  could  be  forced  in  for  the  purpose  of  emptying  the  compart¬ 
ment  of  water. 

The  center  compartment  was  likewise  fitted  with  a  3-in. 
globe  valve  attached  to  a  3-in.  pipe  reaching  to  within  1J4  in. 
of  the  bottom ;  it  also  had  a  2-in.  valve  by  means  of  which  a  hose 
could  be  attached  and  air  forced  into  the  compartment.  The 
center  compartment  was  further  equipped  on  the  inside  at  the 
bottom  with  a  3-in.  valve  which  was  operated  from  the  top  of 
the  cylinder  by  means  of  a  rod  passing  through  the  shell  fitted 
with  a  stuffing  box  for  the  purpose  and  ending  in  a  hand  wheel. 
By  this  valve  water  could  be  let  into  the  center  compartment 
for  the  purpose  of  adjusting  the  buoyancy  of  the  cylinders. 

The  air  cylinders  were  braced  internally  by  angle  irons  spaced 
radially  and  riveted  to  internal  stiffening  angles.  At  the  two 
points  where  each  cylinder  was  attached  to  the  steel  tubes  the 
bracing  was  made  in  the  form  of  a  diaphragm  plate  extending 
clear  across  and  from  the  top  down  to  8  in.  below  the  center 
of  the  cylinder.  This  diaphragm  plate  was  in  turn  stiffened  by 
angle  irons.  At  these  points  a  12  X  ^4  in.  steel  plate  was  strapped 
around  the  cylinder  and  connected  by  means  of  equalizers  to 
two  hanger  rods  at  each  end,  1^4  in.  square,  which  in  turn  were 
attached  directly  to  connections  provided  on  the  diaphragms  of 
the  tunnel  tubes  next  to  the  cylinders.  These  connections  were 
designed  so  that  a  diver  could  easily  disconnect  them. 

The  buoyancy  of  the  four  cylinders  amounted  to  722  tons 
while  the  weight  of  a  section  when  submerged  in  water  was  about 
646  tons,  this  being  the  exact  weight  of  Section  A.  Accord¬ 
ingly,  the  air  cylinders  had  an  excess  buoyancy  of  T'6  tons  which 
enabled  the  whole  mass  to  just  keep  afloat  when  the  tunnel 
tubes  were  filled  with  water;  the  back  of  the  air  cylinders  would 
show  only  a  couple  of  feet  above  the  water’s  surface. 

Before  a  section  was  sunk  in  place  the  bottom  was  prepared 
to  receive  it  in  the  following  manner :  a  series  of  frame  bents 
were  built  consisting  of  two  spuds  of  12  in.  square  timbers 
about  8  ft.  long  pointed  at  the  lower  end  and  spaced  8  ft.  apart ; 
at  the  upper  end  were  framed  in  two  12  in.  channel  bars  10  ft. 
long  bolted  to  the  spuds  with  the  channel  flanges  inwards  and 
the  web  plates  coming  flush  with  the  spud.  Five  of  these  bents 
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were  driven  in  the  bottom  of  and  across  the  trench  at  a  point 
so  that  the  last  diaphragm  of  the  section  would  rest  on  the  five 
bents  which  came  at  right  angles  to  same. 

The  bents  were  driven  by  means  of  two  floating  pile  drivers 
with  a  follower  placed  directly  over  each  spud.  The  follower  was 
made  of  a  steel  column  and  the  bents  could  be  driven  to  the  exact 
level  desired  by  leveling  from  shore  to  the  follower. 

The  first  section  sunk  was  provided  with  a  series  of  these 
bents  under  the  last  diaphragm  at  each  end.  For  subsequent 
sections  the  bents  were  only  used  at  the  extreme  end,  the  other 
end  hanging  in  the  pilot  pins  of  the  adjoining  section  until  the 
connection  was  bolted  up. 

When  everything  was  ready  for  sinking,  the  section  was 
moored  approximately  in  a  position  directly  above  its  permanent 
location  in  the  trench,  between  the  concrete  mixing  scow  on  the 
one  side  and  a  derrick  scow  on  the  other.  Suitable  pile  clusters 
were  driven  in  such  a  location  as  to  protect  the  section  from 
passing  river  craft,  and  also  to  serve  as  anchorage  for  the  tubes 
during  the  sinking.  Tackles  were  attached  to  these  pile  clusters 
and  to  the  section  on  both  sides  with  their  hauling  parts  leading 
to  engines  on  the  scows  alongside  so  that  it  could  be  manipu¬ 
lated  sidewise  or  endwise  as  the  need  might  be.  When  every¬ 
thing  was  ready,  the  inlet  valves  were  opened  and  the  water 
gradually  filled  the  outside  tubes.  As  previously  stated,  the 
valves  were  used  for  this  purpose  for  the  first  section  only ; 
for  the  remaining  sections  a  plank,  or  two,  was  sawed  out  of 
the  low  bulkheads  of  the  center  tubes,  so  that  the  water  could 
flow  into  the  latter.  As  soon  as  these  were  submerged  the  water 
could  flow  freely  into  the  center  tubes  for  their  whole  width  and 
from  the  center  tubes  into  the  outer  ones  through  holes  pro¬ 
vided  in  the  timber  bulkheads  in  the  access  openings.  The  outer 
tubes  controlled  the  sinking,  that  is,  the  section  could  not  sink 
any  faster  than  these  tubes  would  fill  with  water. 

In  order  to  permit  the  escape  of  air  from  these  tubes,  a 
3-in.  hole  with  nipple  was  provided  in  the  roof  of  the  steel  shell 
immediately  back  of  each  semi-bulkhead.  A  2-in.  hole  with 
nipple  was  similarly  provided  right  back  of  the  end  bulkheads; 
to  the  nipple  was  attached  a  2-in.  pipe  long  enough  to  extend 
above  the  water.  This  pipe  had  an  air  control  valve  at  the  extreme 
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end.  When  the  tubes  were  half  filled  with  water,  the  air  between 
the  end  bulkheads  and  the  semi-bulkheads  would  be  trapped  and 
the  water  could  not  enter  the  tubes  any  faster  than  the  escape 
of  this  air  permitted.  The  object  of  this  arrangement  was  to 
prevent  the  tubes  from  plunging  endwise  when  about  two-thirds 
filled,  until  the  tubes  were  sunk  so  far  that  the  air  cylinders 
on  top  commenced  to  take  effect,  see  Fig.  6 ;  after  that  there 
would  be  no  danger  of  plunging.  The  nipples  mentioned  were 
capped  before  concreting  was  commenced. 

When  entirely  filled,  the  tubes  were  suspended  from  the  air 
cylinders  which  had  an  excess  buoyancy  as  previously  stated  of 
76  tons.  In  order  to  lower  the  tubes  the  remaining  distance  to 
the  bottom  of  the  trench,  the  center  compartments  of  the  air 
cylinders  were  filled  with  sufficient  water  to  overcome  this 
buoyancy  and  a  trifle  more.  Before  this  adjustment  took  place, 
however,  each  end  of  the  section  was  attached  by  a  bridle  and 
tackle  to  the  boom  of  the  floating  derrick  on  one  end  and  to  the 


Fig.  6.  The  Air  Cylinders  Beginning  to  Support  a  Tube  Section. 
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derrick  on  the  concrete  scow  on  the  other  for  the  purpose  of 
holding  the  section  back.  The  load  on  the  derrick  line  only 
amounted  to  as  much  as  the  excess  of  water  let  into  the  air  cyl¬ 
inders  beyond  what  was  necessary  to  overcome  their  remaining 
buoyancy.  This  load  never  amounted  to  more  than  a  couple  of 
tons.  When  the  section  with  both  ends  thus  hung  in  the 
derricks,  it  was  lowered  into  position  in  the  bottom  of  the  trench 
by  slacking  off  the  derrick  lines,  only  the  four  ends  of  the  masts 
being  visible.  The  position  of  the  section  was  then  adjusted 
laterally,  verticallv  and  longitudinally  to  within  half  a  foot  or 
a  foot  of  its  correct  position.  This  could  be  done  by  eye,  because 
the  previous  section  sunk  also  was  provided  at  the  extreme  end 
with  masts  extending  above  the  water  level,  and  the  position 
of  the  masts,  of  course,  always  indicated  the  position  of  the 
section. 

When  approximately  near  the  true  position  as  stated,  the 
section  was  then  simply  pulled  towards  the  section  previously 
sunk  and  automatically  it  found  its  way  home.  This  was  accom¬ 
plished  by  the  point  of  the  pilot  pin  striking  the  funnel  shaped 
socket  of  the  other  section  and  then  sliding  off  until  it  entered  the 
narrow  end  of  the  socket  when  it  would  be  home.  I  he  play 
between  the  pin  and  the  socket  was  only  ^4  in-  at  this  point. 
A  diver  then  inserted  the  key  in  the  slot  of  the  pilot  pin  back 
of  the  socket,  as  previously  described,  thus  locking  it  in  posi¬ 
tion  and  the  section  could  not  slip  out.  1  his  end  would  thus 
hang  supported  by  the  pilot  pins  until  the  diver  had  completed 
the  bolting  up  of  the  connection.  The  outer  end  of  the  section 
rested  lightly  with  its  last  diaphragm  on  the  bents  provided  as 
described,  and  this  end  was  checked  for  level  and  alignment 
by  the  means  previously  mentioned.  The  bolting  up  took  only 
about  a  day. 

As  stated,  the  diaphragms  extended  below  the  steel  shell 
2  ft.  3  in.  and  the  bottom  of  the  trench  as  left  by  the  dredge 
was  from  one  to  two  feet  below  the  diaphragms  so  that  the  bot¬ 
tom  of  the  steel  shell  rested  in  a  position  approximately  3l/>  to 
4  ft.  above  the  trench  bottom,  which  space  was  filled  with  con¬ 
crete  that  formed  the  foundation  of  the  tunnel. 

The  first  section  was  taken  from  its  moorings,  towed  a  mile 
passing  through  three  draw  bridges  to  the  tunnel  site,  filled  with 
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water,  lowered  into  position  and  located  correctly  to  grade  and 
alignment,  in  the  space  of  nine  hours.  The  same  operation  for 
subsequent  sections  required  from  four  to  six  hours.  The  fill¬ 
ing  of  the  tubes  consumed  about  one  hour,  another  hour  being 
required  in  admitting  enough  water  into  the  air  cylinders  to 
overcome  their  excess  buoyancy. 

Concreting :  As  soon  as  a  section  was  sunk  and  the  con¬ 
nection  to  the  adjacent  section  bolted  up,  the  work  of  encasing 
the  steel  shells  with  concrete  was  commenced.  For  this  opera¬ 
tion  a  special  floating  plant  was  constructed.  A  scow  33  ft.  wide 
and  140  ft.  long  was  rigged  up  along  its  side  with  five  wooden 
towers,  6  ft.  6  in.  square  and  50  ft.  in  height.  On  the  face  of 
each  tower  was  operated  a  tremie  pipe  12  in.  in  diameter  and 
65  ft.  over  all,  the  upper  end  of  which  ended  in  a  4-ft.  square 
hopper.  The  tremie  pipes  with  hoppers  were  rigged  so  as  to 
move  up  and  down  on  the  face  of  the  tower.  They  were  spaced 
at  such  a  distance  apart  that  when  the  scow  was  moored  cross¬ 
wise  of  the  tunnel  section  ready  for  concreting,  a  tremie  pipe 
could  enter  each  of  the  2-ft.  spaces  between  the  steel  tubes 
and  the  space  between  the  outer  tubes  and  the  wooden  sheeting 
on  the  sides,  Fig.  7.  The  lower  end  of  the  tremie  pipes  reached 
the  bottom  of  the  trench  when  the  hopper  at  the  upper  end 
was  at  the  deck  of  the  scow. 

Three  one  yard  concrete  mixers  were  used  for  supplying  the 
five  tremies  with  concrete.  One  was  located  immediately  back 
of  the  center  tremie  and  supplied  this  one  only.  The  other  two 
were  placed  directly  behind  and  half-way  between  the  outer 
tremie  and  the  one  next  to  it  supplying  both  alternately.  The 
concrete  was  passed  from  the  mixer  by  chutes  into  one  yard 
hoist  buckets  which  travelled  vertically  inside  of  each  of  the 
ve  towers  and  directly  behind  the  tremie  in  such  a  position 
that  when  the  bucket  reached  the  tremie  hopper,  the  latter  would 
trip  it  automatically  and  discharge  the  contents  into  the  tremie 
pipe. 

Each  concrete  mixer  was  equipped  with  a  sand  bin  of  about 
18  cu.  yds.  capacity  and  a  gravel  bin  of  about  22  cu.  yds.  A 
cement  room  was  provided  for  storing  about  1500  bags  of  cement 
and  also  a  cement  platform  at  such  a  height  as  to  permit  dump¬ 
ing  the  cement  directly  into  the  charging  hoppers  of  the  mixers. 
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Tremie  Scow  in  Position  Concreting  a  Pocket. 


The  concrete  scow  was  also  equipped  with  a  derrick,  a  two  yard 
clam  shell  bucket  and  a  three  drum  hoisting  engine.  This  der¬ 
rick  was  used  for  the  purpose  of  unloading  sand  and  gravel 
from  scows,  moored  alongside,  into  the  hoppers.  Another  three 
drum  hoisting  engine  and  one  two  drum  engine,  were  used  for 
operating  the  hoisting  buckets  that  fed  the  tremies.  Each  tremie 
was  raised  and  lowered  by  an  individual  engine  bolted  to  the 
back  of  each  tower  and  operated  by  men  stationed  on  the  hop- 
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per  platforms ;  it  was  the  duty  of  these  men  to  raise  or  lower 
the  tremies  as  occasion  required.  The  concrete  scow  was  further 
equipped  with  a  small  air  compressor  and  receiver  and  also  a 
small  pump.  Steam  was  supplied  from  one  120  h.p.  and  one 
50  h.p.  boiler.  This  concrete  mixing  plant  was  of  sufficient 
capacity  to  fill  one  pocket  containing  about  475  cu.  yd.  of  con¬ 
crete,  in  a  shift  of  eight  working  hours. 

In  beginning  the  operation  of  concreting,  the  scow  was 
moored  in  such  a  position  as  to  place  the  tremies,  when  lowered 
to  the  bottom  of  the  trench,  about  in  the  middle  of  the  pocket,  one 
tremie  for  each  of  the  two  side  and  three  partition  walls.  The 
tremies  were  then  filled  with  concrete,  which  drove  the  water  out, 
and  as  the  tremies  were  raised  in  the  leads  freshly  mixed  con¬ 
crete  was  dumped  into  the  tremie  hopper  as  fast  as  it  ran  out  at 
the  bottom.  As  soon  as  a  surface  of  concrete  was  formed,  the 
mouths  of  the  tremies  were  always  maintained  below  this  surface 
so  that  the  concrete  fed  through  the  pipes  always  discharged 
within  the  mass,  without  coming  in  contact  with  the  water  in  the 
river.  The  concrete  flowed  out  laterally  in  a  continuous  stream 
within  the  confines  of  the  pocket,  filling  the  space  between  the 
tubes  and  the  bottom  of  the  trench,  then  rising,  forming  the  sides 
and  partition  walls  and  next  the  roof  of  the  tunnel,  the  mouth  of 
the  tremies  at  all  times  being  buried  from  2  to  6  ft.  in  the  soft 
concrete.  When  a  pocket  was  nearly  filled,  the  tremies  were 
moved  about  so  as  to  insure  the  complete  filling  of  a  pocket  at  all 
points.  Divers  were  used  to  see  that  this  was  properly  done. 

The  exterior  concrete  was  mixed  in  proportion  of  1  cement 
:  3  sand  :  6  graded  one  inch  gravel.  For  the  first  four  sections 
of  the  tunnel  the  concreting  was  carried  on  up  to  the  diaphragms 
only  until  the  whole  bottom  was  thus  concreted  in  and  then 
each  pocket  was  filled  to  the  top,  one  after  another  until  the 
section  was  completed.  For  Section  E,  however,  the  last  one, 
the  filling  was  always  done  in  one  operation  from  the  bottom 
of  the  trench  to  the  top  of  the  pocket  and  the  concrete  in  this 
section  was  mixed  in  proportion  1  :  3  :  5.  The  decrease  in 
gravel,  resulting  in  a  relative  increase  in  mortar,  caused  the 
concrete  to  flow  more  evenly  through  the  tremies.  The  con¬ 
crete  between  the  bottom  of  the  trench  and  the  underside  of 
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the  diaphragms  was  proportioned  1:4:8.  1  his  lean  concrete 

was  used  because  it  was  only  necessary  to  replace  the  dredged 
material  with  something  equally  good. 

As  soon  as  a  section  had  three  or  four  pockets  filled,  suffi¬ 
cient  to  give  it  support  on  the  bottom,  the  air  cylinders  were 
removed  and  used  over  again  in  sinking  the  next  section.  1  his 
removal  was  accomplished  by  first  filling  them  with  water  through 
the  valves  previously  described  which  then  caused  them  to  rest 
on  the  tubes  without  any  stress  in  the  hangers  by  which  they 
were  attached.  The  divers  then  disconnected  these  hangers, 
and  as  soon  as  the  water  was  blown  out  of  the  center  compart¬ 
ment,  the  air  cylinders  rose  to  the  surface  and  were  thereupon 
emptied  of  the  water  in  the  end  compartments. 

The  joint  of  two  adjacent  tube  sections  always  came  in  the 
middle  of  a  pocket,  the  diaphragms  being  spaced  accordingly. 
The  concrete  in  this  joint  pocket  was  made  richer,  the  propor¬ 
tions  1:2:4,  being  used.  The  object  of  this  was  to  secure  a 
tight  joint  as  no  other  means  were  employed  for  this  purpose, 
until  the  tubes  were  pumped  out  and  the  joint  plate  bolted  on 
to  the  Z  bar  flanges  as  previously  described,  and  then  grouted. 
The  joints  proved  remarkably  tight.  The  total  amount  of  exterior 
concrete  in  the  tunnel  was  about  40  000  cu.  yd. 

Lining :  At  the  northerly  end  of  the  tunnel,  near  the  full 
pressure  bulkheads  was  provided  an  access  shaft  for  each  tube ; 
these  shafts  were  attached  to  the  tubes  before  sinking  and 
reached  about  4  ft.  above  high  tide.  They  were  3  ft.  in  diameter 
and  made  of  *4  plate.  Through  them  the  tubes  were  pumped 
out  with  ordinary  pumps,  as  soon  as  the  last  concrete  had  thor¬ 
oughly  set,  that  is  when  it  was  about  three  weeks  old. 

As  soon  as  unwatered,  the  tubes  were  lined  with  concrete. 
This  lining  is  15  in.  thick  except  along  the  vertical  partition 
walls  where  it  is  12  in.  thick  and  in  the  invert  2  ft.  10  in.  thick 
at  the  center.  The  distance  in  the  clear  inside  of  the  lining 
between  the  roof  and  the  invert  is  14  ft.  11  in.  and  the  clear 
width  between  vertical  walls  13  ft.  The  vertical  walls  of  the 
lining,  besides  being  tied  together  by  the  bolts  and  yokes  pre¬ 
viously  described,  were  reinforced  with  1-inch  square  rods 
spaced  12  in.  centers  bent  to  an  arch  and  placed  so  that  the  rods 
would  clear  the  vertical  steel  shell  by  1*4  in.  and  also  come  the 


536  PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA. 

same  distance  from  the  inside  face  of  the  concrete  where  the 
vertical  walls  joined  the  roof  and  the  invert.  Rods  Y\  in.  square, 
spaced  2  ft.  apart  were  placed  longitudinally  in  the  lining. 

The  concrete  in  this  lining  was  mixed  in  the  proportion 
of  1  :  2  :  4.  The  invert  was  put  in  place  first  up  to  the  under¬ 
side  of  the  nest  of  electric  conduits.  The  sides  and  top  of  the 
lining  were  placed  in  one  operation,  in  30  ft.  sections,  using 
movable  timber  concrete  forms,  30  ft.  in  length,  for  the  purpose. 
One  such  form  was  filled  with  concrete  in  a  shift  of  eight  hours. 
The  forms  were  partly  collapsible  and  could  be  moved  ahead 
intact  using  a  traveller  for  the  purpose.  The  total  amount  of 
concrete  in  the  lining  was  12  500  cu.  yd. 

Approach  Connections :  Simultaneously  with  the  lining  of 
the  four  sections,  A,  B,  C  and  D,  the  land  connection  at  the  north, 
or  Bronx,  end  was  made.  A  cofferdam  was  built  of  steel  sheet 
piling  with  earth  embankment  on  the  outside.  The  steel  sheet 
piling  was  simply  an  extension  of  the  regular  sheet  piling  used 
in  constructing  the  approaches  which  were  built  in  the  open. 
The  sheet  piling  was  held  apart  by  waling  pieces  and  braces. 
In  order  to  connect  the  steel  sheet  piling  with  the  steel  tubes, 
half  a  width  of  sheet  piling  was  riveted  to  the  vertical  edges 
of  the  last  diaphragm  and  was  long  enough  to  reach  above  the 
water  level.  This  furnished  a  groove  for  the  first  regular  piece 
of  steel  sheet  piling  to  be  driven.  To  the  top  flange  of  the  last 
diaphragm  was  riveted  a  plate  with  angle  irons  in  the  form  of 
a  channel  bar  laid  flat,  forming  a  groove  in  which  the  vertical 
timbers  presently  mentioned  were  fitted.  A  frame  work,  con¬ 
sisting  of  uprights  and  waling  pieces,  was  fastened  to  this  last 
diaphragm  before  the  section  was  sunk.  When  the  section  was 
concreted  in,  this  frame  work  was  filled  in  with  a  solid  wall 
of  vertical  timbers  which  reached  above  the  water  level  and 
clear  across  the  width  of  the  tunnel  connecting  the  steel  sheet 
piling  on  both  sides  and  formed  the  third  wall  of  the  cofferdam, 
the  fourth  wall  being  the  riverbank  itself,  Fig.  8.  An  embank¬ 
ment  of  selected  material  was  filled  in  with  approximately  1J4  • 
1  slope  outside  the  dam  to  give  it  stability  and  make  it  tight. 
The  dam  being  completed,  the  water  was  pumped  out  inside 
of  same  and  as  the  water  receded,  braces  were  put  in  across 
and  diagonally  to  hold  the  walls  against  collapsing  from  the 
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Fig.  8.  Building  Cofferdam  for  Land  Connection. 


outside  earth  and  water  pressure.  1  his  cofferdam  was  about 
60  ft.  deep  and  proved  very  satisfactory.  1  he  approach  con¬ 
nection  at  the  Manhattan  or  southerly  end  of  the  tunnel  was 
completed  in  a  similar  manner. 

The  work  was  carried  out  under  the  direction  of  the  engi¬ 
neers  of  the  Public  Service  Commission,  New  York  City:  Mr. 
Alfred  Craven,  Chief  Engineer,  Mr.  Robert  Ridgway,  Engineer 
of  Construction,  Mr.  Svrre  Dahm,  Principal  Asst.  Engineer,  Mr. 
C.  V.  V.  Powers,  Division  Engineer,  Mr.  J.  P.  Locke,  Asst. 
Division  Engineer  and  Mr.  H.  B.  Gates,  Asst.  Engineer.  1  he 
contractor  for  the  work  was  the  Arthur  McMullen  &  Hoff  Com¬ 
pany  of  New  York  City,  Mr.  N.  R.  Melvin,  Superintendent,  Mr. 
G.  A.  Graham  and  Mr.  G.  Muller,  Assistant  Engineers  and  the 
writer  Consulting  Engineer. 

It  is  a  source  of  great  satisfaction  to  he  able  to  state  that 
the  tunnel  under  the  river  was  completed  without  the  loss  of  a 
single  life  and  without  any  accident  causing  permanent  injury 
to  any  worker. 


DETAIL  AND  FABRICATION  OF  HARLEM 

RIVER  TUBES 


By  Thomas  Duckworth*. 

Contract :  The  contract  for  the  fabrication  of  the  steel 
required  in  the  construction  of  the  Harlem  River  Tubes  of  the 
Lexington  Avenue  Subway,  New  York  City,  was  awarded  the 
American  Bridge  Company,  by  the  contractors,  Arthur  McMul¬ 
len  &  Hoff  Company.  This  also  included  the  making  of  the 
shop  details  and  erection  diagrams  from  the  design  furnished 
by  the  contractors. 

The  tonnage  of  steel  required  was  2960  tons  and  the  con¬ 
tract  called  for  delivery  of  the  first  section  in  five  months  and 
the  balance  in  nine  months. 

Extracts  From  Specifications :  Structural  steel  to  be  open 
hearth  and  the  chemical  and  physical  properties  of  finished  mate¬ 
rial  to  conform  to  the  following  limits : 


Properties 

Structural 

Steel 

Carbon  Rivet 
Steel 

Steel 

Castings 

Phos.  (Max.) . . 

0.04% 

0.04% 

0.05% 

Sulph.  “  .  . 

0.05% 

0.04% 

0.05% 

Mn.  “  .  . 

0.60% 

0.60% 

0.80% 

Si.  “  .  . 

0.10% 

0.10% 

0.35% 

Ult.  Str . 

60  000  ±  4000 

50  000  ±  4000 

65  000  zt  (Min) 

Yield  Point .... 

55%  Ult. 

1  500  000 

55%  Ult. 

1  500  000 

35  000  ±  (Min.) 

Elongation . 

Ult.  Str. 

Ult.  Str. 

20%  in  2" 

Fracture . 

Silky 

Silky 

Fine  Granular 

Cold  Bend . 

180°  Flat 

180°  Flat 

120°  (d.  =  3  +  .  ) 

Presented  before  the  Structural  Section  September  7  and  published  in 
the  October,  1915,  Proceedings. 

♦Structural  Engineer  with  Brooklyn  Plant,  American  Bridge  Com¬ 
pany,  New  York. 
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Fig.  1.  Erection  Diagram  Section  C  of  Tunnel  Tubes. 


re 

L 

A 

le 

st 

b) 


tr 

th 


he 


PI 

Su 

M  ‘ 

Si. 

U1 

Yi 

El 

Fr 

Cc 


tht 


pa 


539 


DUCKWORTH - DETAIL  OF  HARLEM  RIVER  TUBES 


Unit  stress  shearing  and  bearing  values  of 

Shear 

Shop  15  000 

Field  12  000 


rivets : 
Bearing 
30  000 
24  000 


The  tubes  to  be  built  up  of  H  in.  plates  in  sections  ot  four 
plates  forming  a  ring,  with  two  rings  to  a  panel  of  15  ft.  .  in. 
between  diaphragms,  forming  an  alternate  outside  and  inside 
rin"  with  the  following  splice:  Longitudinal  splice,  or  splice 
parallel  with  center-line  of  tubes  to  have  a  6  in.  lap  joint  with 
two  lines  of  rivets.  Transverse  splice,  or  splice  at  right  angle 
to  center-line  of  tubes  to  have  a  2]/2  in.  lap  joint  with  one  me 
of  rivets.  All  rivets  to  be  3/4  in.  diameter  with  button  heads 
and  a  3  in.  pitch,  with  the  following  excess  length  over  grip 

to  form  head  for  field  rivets:  * 

For  grip  of  three  thicknesses  or  less  in.  =  1  thickness) 

Length  of  rivet  =  grip  +  1/4  in. 

For  grip  of  four  thicknesses  and  above  ($4  in.  —  1  thickness) 

Length  of  rivet  =  grip  +  in* 

Number  of  field  rivets  equals  total  number  plus  1  percent 

excess,  same  to  be  checked  by  Contractor. 

Size  of  rivet  holes  to  be  diameter  of  rivet  +  1/16  in. 

No  reaming  of  holes  or  drifting  to  be  allowed. 

Plates  to  be  sheared  with  straight  edge  for  split  caulking, 
with  an  edge  distance  from  center  of  hole  to  edge  of  plate  of 

\\i  in.  ±  Vs  in- 
No  paint — RUS1  JOIN!. 

Inspection :  Mill,  shop  and  field  by  Mr.  George  L.  Lucas, 
Public  Service  Commission.  Shop  and  field  by  Mr.  G.  Muller, 

Asst.  Engr.  for  Contractor.  . 

General  Description  of  Structure :  The  total  dimension  of 

the  steel  structure  is  1078  ft.  long  by  76  ft.  wide  and  24  ft.  6 
in.  high  and  is  subdivided  into  live  sections,  A,  B,  C,  D  aiu 
(See  Fig.  1  of  preceding  paper  by  Mr.  Olaf  Hoff.)  Each  sec¬ 
tion  consists  of  four  tubes  17  ft.  center  to  center,  with  a  2  ft. 
space  between  tubes,  making  the  intermediate  walls  vertical 
or  flat,  with  tension  rods  to  reinforce  them,  and  the  outside  and 
top  and  bottom  walls  curved  to  a  9  ft.  6  in.  radius.  1  hesc  tubes 
pass  through  69  vertical  girders  or  diaphragms  which  are  2  1  it. 
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6  in.  high  and  76  ft.  in  length  and  spaced  15  ft.  7  in.  centers 
along  the  entire  length  of  tubes  and  hold  them  in  place. 

Sections  A  and  B  are  straight  sections,  each  220  ft.  in  length 
on  a  0.3-percent  grade,  sloping  toward  the  north,  the  weight 
of  steel  for  Section  A  is  608.2  tons,  and  for  Section  B  is  583.4 
tons. 

Section  C  is  220  ft.  in  length,  with  a  vertical  curve  110  ft. 
long,  and  a  radius  of  3330  ft.  at  the  intersection  of  a  0.3-percent 
grade  sloping  north  and  a  3-percent  grade  sloping  south,  with  a 
sump  at  the  intersection  of  grades  for  drainage.  The  total  weight 
of  steel  for  this  section  is  587.2  tons. 

Section  D  is  a  straight  section  219  ft.  in  length,  lying  on  a  3- 
percent  grade  sloping  south,  at  the  extreme  north  end  of  the 
structure  with  a  36  in.  manhole  connecting  to  the  top  of  each  tube. 
The  total  weight  of  steel  for  this  section  is  606.7  tons. 

Section  E,  which  is  at  the  extreme  south  end  of  the  structure, 
is  199  ft.  in  length,  with  a  vertical  curve  90  ft.  long,  and  a  radius 
of  3330  ft.,  a  horizontal  curve  44  ft.  in  length  and  a  radius  of  2000 
ft.,  forming  a  spiral  at  the  intersection  of  a  3-percent  and  a  0.3- 
percent  grade  sloping  north.  The  total  weight  of  this  section  is 
532.6  tons.  In  all  there  is  a  total  of  4312  lineal  feet  of  steel 
tubes. 

The  south  end  of  Section  A  and  the  north  end  of  Section  D 
have  full  pressure  bulkheads  on  all  tubes,  the  north  end  of  Section 
A  and  the  south  end  of  Section  D  and  the  north  and  south  ends 
of  Sections  B,  C,  and  E  have  light  pressure  bulkheads  on  ends  of 
outside,  and  segmental  bulkheads  on  ends  of  inside  tubes.  There 
are  38  cross-overs  or  passageways,  4  ft.  wide  and  9  ft.  4  in.  high, 
through  the  interior  side  walls  connecting  the  tubes.* 

Preliminary  Work  in  Simplifying  Shop  Details ,  Fabrication 
and  Ordering  Material :  Owing  to  the  required  accuracy  of  shop 
work  and  great  duplication  of  pieces,  the  Contractor’s  plans  were 
gone  over  thoroughly  and  preliminary  lay-outs  were  made  to  see 
if  they  could  not  be  simplified  and  shop  work  reduced  to  a  mini¬ 
mum. 

A  change  in  Section  E  at  the  vertical  and  horizontal  curve 
and  Section  C  at  the  vertical  curve  as  shown  on  the  contractor’s 
plans  was  suggested  as  the  drawings  called  for  the  steel  in  the 
tubes  to  be  parallel  with  the  alignment  of  the  center-line  of  struc- 
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ture,  which  would  cause  all  the  steel  to  follow  this  curve.  It  was 
suggested  to  divide  the  curve  into  series  of  chords  with  the  inter¬ 
section  of  the  ends  of  chords  intersecting  on  the  curve,  forming 
straight  sections  with  elbows,  making  the  odd  plates  at  the  elbows 
and  the  intermediate  plates  the  same  detail  as  the  intermediate 
plates  in  the  other  straight  sections,  thus  simplifying  the  shop  work 
at  these  points.  The  encroachment  on  the  clearance  line,  or  the 
offset  at  center  of  chord,  was  only  about  24  in->  which  change  was 
approved  by  Mr.  Hoff  and  the  Public  Service  Commission. 

Before  ordering  material  or  making  detail  drawings,  the 
writer  was  sent  to  Ambridge  to  go  over  the  Contractor’s  drawings 
with  the  Shop  Manager,  so  that  each  could  familiarize  himself 
with  the  class  of  work  and  the  shop  equipment  to  be  used  in  fabri¬ 
cation  and  simplify  the  work,  if  possible,  as  the  greater  part  of 
the  plates  would  be  multiple  punch  work.  It  was  there  decided 
that  by  furnishing  the  shop  with  a  complete  detail  of  each  piece, 
except  at  elbows,  in  place  of  a  center  line  diagram  with  pitch  of 
rivets  and  lap  and  splice  of  plates  indicated,  which  is  customary 
for  shop  detail  for  certain  classes  of  steel  plate  tube  work,  time 
could  be  gained  in  fabricating  and  there  would  be  less  liability  for 
shop  or  field  error  in  assembling,  which  arrangement  proved  very 
satisfactory. 

I  think,  on  most  contracts,  both  time  and  money  can  be  saved 
by  letting  the  fabricating  plant  make  their  own  shop  details  to 
suit  their  shop  equipment,  in  place  of  the  Engineer  or  Architect 
who  probably  do  not  know  what  shop  is  to  fabricate  or  its  equip¬ 
ment. 

A  data  sheet  was  then  made  and  checked  with  all  calculations 
showing  the  alignment  and  grades  with  location  of  elbows  on  the 
curves  and  angles,  also  the  location  of  splices,  bend  lines  and 
length  of  the  plates  forming  a  complete  ring  were  determined  for 
detailing. 

All  the  material  was  then  ordered  in  advance,  which  was 
rolled  at  the  Homestead  Mills  of  the  Carnegie  Steel  Co.,  to  be 
delivered  at  Ambridge. 

Description  of  Erection  Diagrams :  Outline  drawings  of  the 
erection  diagrams  for  the  five  sections  were  then  made,  so  that 
the  erection  piece  mark  could  be  placed  on  the  diagram  as  the 
piece  was  detailed,  as  on  account  of  the  great  duplication  of  pieces 
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the  same  mark  would  appear  on  the  different  diagrams.  Drawings 
E-101  to  E-110  inclusive,  cover  all  erection  drawings  for  erector 
in  field. 

The  erection  diagram  for  Section  C,  Fig.  1,  shows  the  four 
tubes  in  plan,  numbered  from  West  to  East,  Tubes  Nos.  1,  2,  3 
and  4.  Each  tube  has  three  elbows  and  two  chords,  each  46  ft.  9 
in.  long,  due  to  the  vertical  curve  at  the  intersection  of  a  0.3  per¬ 
cent  and  a  3-percent  grade.  There  are  two  sumps,  one  connecting 
tubes  Nos.  1  and  2  and  the  other  tubes  Nos.  3  and  4,  for  drain¬ 
age,  this  being  made  the  lowest  point  of  the  structure.  The  loca¬ 
tion  and  marks  for  diaphragms  were  marked  D,  location  of  rein¬ 
forcing  angles  which  are  midway  between  diaphragms  on  outside 
of  shell  was  given,  also  the  angles  for  supporting  curtain  walls  on 
inside  of  shell  in  outside  tubes,  Nos.  1  and  4,  were  all  marked  R . 
The  main  shell  plates  which  form  the  inside  and  outside  rings, 
the  pieces  forming  cross-overs  and  end  splice  plates  were  marked 
P.  When  a  mark  is  followed  by  T  or  B,  it  refers  to  top  or  bottom 
plates. 

Connections  for  location  or  alignment  poles  and  angle  brack¬ 
ets  for  connecting  stiff  leg  of  alignment  poles  and  castings  for 
centering  tubes  after  they  are  submerged  in  river  were  marked 
R-57  and  R-60. 

Section  A- A  is  a  longitudinal  section  of  Tube  No.  1,  looking 
West,  showing  location  of  inside  and  outside  rings  and  splice, 
brackets  for  alignment  poles,  angles  taking  light  pressure  bulkhead 
framing  at  each  end,  interior  angles  supporting  curtain  wall  fram¬ 
ing  forming  three  air  chambers,  and  castings  at  top  for  air  pipe 
connections. 

Longitudinal  section  of  Tube  No.  4  looking  East,  is  reverse 
of  Section  A-A. 

Section  B-B  is  a  longitudinal  section  of  Tube  No.  2  looking 
West,  showing  location  of  four  cross-overs  between  Tubes  Nos. 
1  and  2  and  angle  taking  segmental  bulkhead  framing. 

Section  C-C  is  a  longitudinal  section  of  Tube  No.  3  looking 
West,  showing  one  cross-over  between  Tubes  Nos.  2  and  3  and 
segmental  bulkhead  framing. 

Section  D-D  is  a  longitudinal  section  of  Tube  No.  4,  looking 
West,  and  is  similar  to  section  B-B,  except  for  having  bracing 
angles  and  castings  at  ends  on  top  of  tubes  for  alignment  poles, 


DUCKWORTH — DETAIL  OF  HARLEM  RIVER  TUBES 


43 


interior  angles  for  curtain  walls  and  light  pressure  bulkhead.  1  his 
also  shows  four  crossovers  connecting  Tubes  Nos.  2  and  3. 

A  schedule,  or  index,  is  shown  on  each  erection  diagram,  giv¬ 
ing  the  mark,  number  of  pieces,  description,  detail  drawing  num¬ 
ber  and  erection  diagram  number  for  all  pieces  required  for  as¬ 
sembling  the  section.  A  reference  index  is  shown  on  each  erec¬ 
tion  drawing  for  all  erection  diagrams. 

Fig.  2  shows  the  erection  of  steel  in  field  for  Section  C,  also 
the  framing  at  sumps  between  Tubes  Nos.  1 — 2  and  2 — 3.  The 
erection  diagram  for  Section  A  is  similar  to  the  straight  portion 
of  C,  having  one  cross-over  between  Tubes  Nos.  2  and  3  and  four 
cross-overs  each  between  Tubes  Nos.  1 — 2  and  2 — 3.  The  full 
and  light  bulkhead  framing  and  diagram  for  alignment  pole  and 
sway  rods  are  also  shown. 

The  erection  diagrams  for  section  B  is  similar  to  section  A 
with  one  cross-over  between  Tubes  Nos.  2  and  3  omitted. 

The  erection  diagram  for  Section  D,  which  is  at  the  extreme 
north  end  of  the  structure,  is  similar  to  the  straight  portion  of  C 
except  for  the  full  bulkhead  framing  and  manhole  in  top  at  north 
end,  and  the  four  cross-overs  each  between  Tubes  Nos.  1 — 2  and 
2—3. 

The  erection  diagram  for  Section  E,  which  is  at  the  extreme 
south  end  of  the  structure,  is  similar  to  the  other  diagrams  except 
that  it  has  three  cross-overs  each  between  Tubes  Nos.  1 — 2  and 
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Fig.  3.  Typical  Erection  Diagram  for  Diaphragms. 
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2 — 3.  At  the  south  end  there  is  a  series  of  elbows  and  chords 
forming  the  vertical  and  horizontal  curve  or  spiral. 

A  typical  erection  diagram  for  diaphragms  for  Sections  A, 
B,  C,  D,  and  E  is  shown  in  Fig.  3.  The  diaphragms  were  shipped 
knocked  down  and  assembled  in  place  in  the  field.  The  index  or 
schedule  on  the  drawing  gives  the  D  mark  of  diaphragm ;  number 
of  diaphragms  for  each  Section  and  the  number  of  pieces  to  form 
each  diaphragm.  The  mark  DA  is  for  angles  and  DP  for  plates. 
The  detail  drawing  number  for  plate  or  angle,  and  the  erection 
diagram  number  where  diaphragm  is  to  be  used  is  also  shown. 

Figure  4  is  a  diagram  showing  the  following  typical  sections 
for  detailing : 

Typical  half-elevation  at  splice  ends  with  section  A- A,  show¬ 
ing  typical  splice  at  this  section,  the  curved  angles  3%  X  3%  X  % 
in.  shown  on  the  outside  at  the  end  of  tubes  are  drawn  together 
7%  in.  back  to  back  when  tubes  are  in  place  and  40-%  in.  bolts 
9%  in.  long  are  then  inserted  at  the  splice  of  each  tube  by  two 
divers  in  the  1-inch  diameter  open  holes  spaced  about  18  in.  cen¬ 
ters  making  a  total  of  160  bolts  for  a  complete  splice  of  section. 
The  splice  on  inside  of  tube  is  formed  by  the  curved  4%  X  3  3/16 
X  H  in-  bars  and  14  X  H  in-  plates.  One  line  of  holes  13/16  in. 
dia.  and  4  in.  centers  were  punched  in  the  Z  bars  and  plate  in  the 
shop  and  the  other  line  drilled  in  the  field  after  the  tubes  were 
assembled. 

Typical  half-section  of  diaphragm,  showing  size  of  diaph¬ 
ragms  with  sections  of  material  required  for  detailing,  angle 
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showing  location  of  longitudinal  splice  in  shell  plates  and  bent 

straps  or  concrete  anchors  S-2. 

The  half  elevation  of  south  end  of  Section  A,  shows  steel 
beams  A-n,  A-ic,  and  A-ij  for  supporting  full  pressure  bulk¬ 
heads,  with  end  reactions  as  follows:  A-ii  —  38  GOO  lb.  top, 


Fig.  5.  Typical  Cross  Sections  Showing  Bulkheads  and  Curtain  \\  alls. 


546  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 

42  200  lb.  bottom;  A-12  =  85  000  lb.  top,  97  000  lb.  bottom; 
A-13  —  93  000  lb.  top,  106  000  lb.  bottom ;  with  a  total  pressure 
of  370  tons  on  outer  tubes  and  348  tons  on  inner  tubes.  The  angle 
bracing  B-i,  B-3  and  B-4  for  supporting  timber  concrete  form  is 
also  shown.  Typical  half  section  at  reinforcing  angels  which  are 
4  X  3  X  ^  in.  on  outside  of  tubes,  midway  between  diaphragms 
at  transverse  splice  of  ring  plates  and  angle  bracing  B-13,  B-14, 
B-15  and  B-16  connecting  to  reinforcing  angles  for  supporting 
timber  concrete  forms. 

Segmental  bulkheads  at  south  shore  end,  Fig.  5,  are  sup¬ 
ported  by  2>y2  X  3  X  in.  curved  angles,  with  13/16  in.  holes 
spaced  1-foot  centers,  and  clip  angles,  the  pressure  at  bottom  of 
bulkhead  being  210  lb.  per  sq.  ft.  with  a  uniform  decrease  to  zero 
at  3  ft.  4 y2  in.  from  bottom  of  tubes,  or  6  ft.  iy>  in.  from  center, 
this  being  the  water  line  during  floating  of  section.  The  steel 
construction  for  holding  light  pressure  bulkhead  framing  in  out¬ 
side  tubes  is  similar  to  the  framing  for  segmental  bulkhead  except 
that  the  3J4  X  3  X  H  ‘m-  angle  continues  all  the  way  around  the 
inside  of  tube  with  13/16  in.  holes  about  1-foot  centers  to  take  the 
timber  sheeting ;  the  greatest  pressure  on  these  bulkheads  at  any 
one  time  is  equal  to  a  load  of  380  lb.  per  sq.  ft.  in  a  vertical  height 
of  6  feet. 

The  air  curtain  wall,  interior  semi-bulkheads,  are  supported 
by  ?>y2  X  3  X  H  in-  angle  with  13/16  in.  holes  spaced  about  1-foot 
centers.  The  maximum  pressure  on  these  curtain  walls  is  590 
lb.  per  sq.  ft.  and  would  occur  during  the  sinking  of  tube  and 
exist  until  tubes  righted  themselves. 

The  typical  plate  splice  for  tubes  is  shown  in  Fig.  5.  All 
longitudinal  splices  in  y  in.  tube  plates  were  made  with  a  6  in. 
lap  and  two  lines  of  rivets ;  all  transverse  splices  were  made  with 
a  '2y  in.  lap  and  one  line  of  rivets.  Where  the  6-inch  longitudinal 
or  side  lap,  of  the  inside  and  outside  rings  came  together,  form¬ 
ing  the  2y  in.  transverse,  or  end  lap,  a  butt  joint  was  formed  by 
grinding  the  edge  of  the  plate  3-inches  to  a  template,  making  a 
tight  fit,  and  when  the  edge  of  plates  were  caulked,  proved  very 
satisfactory  as  no  leaks  occurred  at  these  joints. 

The  typical  layout  for  shearing  gusset  plates  for  angle  brac¬ 
ing  supporting  concrete  forms  is  shown  in  Fig.  6.  There  were  in 
all  1152  gusset  plates  5/16  in.  thick  required  for  the  bracing,  B — I 
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to  B — 1 6  inclusive,  and  by  using  the  method  for  laying  out  plates 
as  shown  in  sketch  Xo.  1  instead  of  Xo.  2,  the  greatest  number  of 
plates  with  the  least  amount  of  scrap  could  be  cut  from  a  given 
length  plate. 

An  erection  diagram  showing  detail  of  panels  between  stif¬ 
fener  angles  and  diaphragms  in  the  straight  side  plates  of  tubes, 
giving  the  number  required  and  location  of  the  1-inch  tension 
rods  Xo.  28,  and  concrete  anchor  straps  X — i  and  S — 2,  were  fur¬ 
nished  the  erector.  These  rods  and  straps  are  shown  in  eleva¬ 
tion  in  the  typical  half  section  at  reinforcing  angles  in  Fig.  4. 
The  detail  panels  were  lettered  a,  b,  c,  d,  and  e  with  correspond¬ 
ing  letter  shown  in  plan  giving  the  exact  location  and  number  of 
1  1/16  in.  holes  required  in  detailing  these  side  plates. 

The  schedule,  or  index,  on  this  drawing  gives  the  number  of 
pieces  required  for  each  section,  description,  piece  or  shipping 
mark  and  the  detail  sheet  number  of  piece.  The  erector  can  tell 
at  a  glance  the  exact  number  of  rods  and  straps  required  for  each 
section.  The  number  mark  of  rod  indicates  the  length  of  rod  in 
inches. 

All  the  1-inch  diameter  tension  rods  Xo.  28  were  fabricated 
with  a  5-inch  thread  on  one  end  and  9-inch  on  the  other  end,  this 
being  a  rolled  thread  instead  of  the  customary  cut  thread  and  was 
obtained  by  passing  the  end  of  the  rod  between  a  stationarv  and  a 
revolving  circular  die  or  roll  which  is  supported  from  one  end  and 
revolves  in  a  vertical  plane.  \\  ith  one  pass  between  these  dies, 
the  rod  is  rolled  over  the  stationary  die  by  the  revolving  die  and 
the  required  length  of  thread  is  obtained.  Bv  this  method  the 
rod  has  a  tendency  to  upset  and  is  not  as  weak  at  the  root  of 
thread  as  in  the  case  of  a  cut  thread  and  a  better  value  of  section 
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is  obtained.  A  1-inch  rod  with  a  rolled  thread  is  equal  in  sec¬ 
tional  value  to  a  1  1/16  in.  rod  with  a  cut  thread. 

These  rods  required  two  hexagon  nuts  at  each  end,  and  to 
make  them  watertight  in  assembling  in  the  field  a  metallic  cement 
called  “Smooth-on”  was  put  over  the  threads  and  the  nuts  screwed 
over  it. 

The  total  number  of  these  rods  required  for  the  contract  was 
11  182  or  equal  to  5-miles  of  1-inch  rods  and  %y2  miles  of  thread 
with  44  728  hexagon  nuts,  a  total  weight  of  46  tons.  The  1-inch 
rods  No.  24,  for  the  concrete  anchors  required  in  sumps  were 
fabricated  by  the  same  process. 

The  concrete  anchor  straps  5 — i  and  S’ — 2  were  made  of  bars 
2*4  X  Ya  X  2  ft.  8  in.  long,  bent  cold  to  the  required  shape  with 
male  and  female  dies  in  which  25  bars  were  bent  in  one  operation. 
The  holes  were  punched  in  the  bars  after  they  were  bent.  The 
total  number  required  was  11  846,  or  equal  to  6-miles  of  2*4  X  Ya 
in.  bar  with  a  total  weight  of  37.5  tons. 

Description  of  detail  drawing :  The  details  of  the  diaph¬ 
ragms  are  shown  in  Figs.  3  and  4.  These  diaphragms  are  24  ft. 
6  in.  high  and  76  ft.  long,  composed  of  *4  Fi.  web  plates  and  two 
angles  3j4  X  3  X  Y?>  in.  forming  the  top  and  bottom  chords,  and 
end  angles  forming  connection  angles  for  timber  concrete  forms ; 
the  rivets  being  spaced  6-inch  centers,  the  13/16  in.  open  holes  in 
end  angles  to  take  timber  forms  for  concrete  were  spaced  four 
spaces  at  9-inches  from  bottom  and  varying  in  groups  of  four 
spaces  with  an  increase  of  3  inches  for  each  group  until  1  ft.  9  in. 
spacing  was  reached  at  the  top.  The  angles,  splice  plates  and 
straight  plates  were  all  multiple  punch  work,  while  the  odd  size 
plates,  which  were  ordered  from  the  mill  as  sketch  plates,  were 
marked  from  templet  and  punched.  The  curved  angles  were 
punched  and  then  bent  by  passing  through  a  gag  press.  The  end 
sections  and  straight  plates  between  the  tubes  were  the  only 
pieces  riveted  up  in  the  shop  for  shipment.  The  balance  of  the 
pieces  were  shipped  knocked-down. 

The  average  weight  for  each  diaphragm  is  7%  tons,  the  69 
diaphragms  having  a  total  weight  of  500  tons,  requiring  a  total  of 
35  820  shop  rivets  for  the  sections  assembled  and  riveted  in  shop. 

The  angles  are  marked  DA  and  the  plates  DP ;  the  schedule 
on  drawing  gives  the  number  of  pieces  required  for  each  section. 
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The  details  of  the  angle  bracing  required  to  support  the  tim¬ 
ber  forms  for  concrete,  Fig.  7,  show  the  connection  at  one  end  to 
the  reinforcing  angle  of  tubes  and  the  other  to  the  timber  forms. 
This  detail  shows  the  cuts  required  on  gusset  plates  and  the  num¬ 
ber  of  shop  rivets  to  drive  at  each  connection. 

One  of  each  of  these  plates  was  laid  out  exact  for  punching 
the  holes  and  served  as  a  templet  for  the  others.  This  templet 
lying  flat,  was  fastened  to  one  end  of  a  movable  carriage  resting 
on  a  table  at  the  side  of  the  punch,  which  could  be  moved  in  any 
horizontal  direction.  The  plate  to  be  punched  was  fastened  to  the 
other  end  of  the  carriage  directly  under  the  punch  and  by  moving 
the  carriage  and  bringing  a  hole  in  the  template  under  a  fixed 
marker  corresponding  to  the  die  in  punch  it  would  bring  the 
plate  to  be  punched  in  the  correct  position  so  that  the  required 
corresponding  holes  could  be  punched  in  it ;  the  carriage  with 
plates  working  similar  to  a  pantograph  for  duplicating  a  drawing. 

The  angles  were  all  punched  in  pairs  back  to  back  in  long 
lengths  on  the  multiple  punch  spacing  table  and  then  cut  to  the 
required  length. 

In  all,  there  is  a  total  of  576  pieces  of  the  various  bracing 
B — i  to  B — 16  inclusive,  with  a  total  tonnage  of  37  tons  requiring 
12  816-^4  in.  rivets  to  be  driven  in  the  shop. 


Fig.  8.  South  End  of  Section  A. 


Plate  90-1-16-3?*  PIO-PII -  PB6-  P?1  -  PB8'  P40PI8B 

P276- PB77-P276 

Fig.  9.  Typical  Detail  of  Top  and  Bottom  Plates. 
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Figure  8  is  a  view  of  the  south  end  of  Section  A  showing 
angle  bracing  for  timber  concrete  forms  and  an  exterior  view  of 
the  full  pressure  bulkheads  in  all  tubes,  diaphragm,  castings  and 
connections  for  alignment  poles.  A  detail  of  the  curved  top  and 
bottom  plates  is  shown  in  Fig.  9,  P — io  and  P — ii  have  brackets 
riveted  to  them  to  take  thrust  of  the  steel  bulkhead  beams.  Plates 
P — 26  and  P — 28  show  a  cast  flange  with  a  2  5/16  in.  and  3  5/16 
in.  hole  in  plates  for  pipe  connections.  The  punching  in  these 
different  size  plates  is  symmetrical  about  center-line  of  both  axis 
of  plate  and  is  typical  for  all  plates. 

These  plates  were  all  punched  on  a  multiple  punch  which  was 
rigged  with  a  small  four-inch  shear  on  each  side  of  the  punch 
parallel  to  sides  of  plate,  so  that  as  plates  were  passing  through 
the  punch  the  sides  could  be  trimmed  with  not  more  than  1J4  in¬ 
edge  distance  from  holes  for  caulking.  This  meant  that  with  one 
operation  the  plates  were  punched  and  sheared.  The  ends  of  the 
plates  were  sheared  to  within  in.  variation  of  the  edge  distance 
called  for  on  drawings,  and  where  the  ends  of  the  plates  at  cor¬ 
ners  formed  the  butt  joint  of  2^4  in.  they  were  ground  3-in.  to  a 
templet  with  portable  grinders  rigged  at  ends  of  spacing  table 
of  punch. 

The  plates  were  then  removed  to  the  bending  rolls  and  after 
the  rolls  had  been  set  for  the  required  radius  the  plates  were 
given  three  passes  through  the  rolls  giving  the  required  curve.  A 
wooden  template  about  5  ft.  long  was  held  on  the  plate  as  it  came 
through  the  rolls  on  the  last  pass  for  a  check  on  curvature ;  about 
70  of  these  plates,  which  average  about  96  X  H  X  17  ft.  could 
be  bent  in  a  day.  There  was  a  total  of  1652  plates  of  this  type 
on  the  complete  structure.  The  average  weight  of  each  of  these 
plates  was  about  2100  lb.  and  the  average  number  of  holes 
punched  was  274  per  plate.  The  schedule  on  drawing  shows  the 
required  number  of  plates  detailed  on  this  sheet  for  all  sections. 

A  detail  of  the  vertical  side  plates  of  which  P — 55  and  P — 36 
are  typical  for  the  inside  rings  and  P — 23  and  P — 24.  typical  for 
the  outside  rings,  is  shown  in  Fig.  10.  The  plates  before  bending 
passed  through  the  same  operation  of  punching  and  trimming  at 
the  multiple  punch  as  the  curved  plates,  except  that  the  1  1/16  in. 
holes  were  reamed  from  13/16  in.  on  account  of  only  one  size  hole 
being  punched  in  plate  in  passing  through  the  multiple  punch. 
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Fig.  10.  Detail  of  Vertical  Side  Plates. 


These  plates  required  two  bends,  one  at  each  end,  and  had  to  be 
bent  exact,  as  11  ft.  8  in.  to  bend  lines  on  back  of  plates  P — 55 
and  P — j6  had  to  correspond  to  the  11  ft.  8  in.  to  bend  lines  on 
inside  of  plates  P — 23  and  P — 2j.  These  corners  at  bend  lines 
were  marked  “sharp  corner”  to  insure  a  tight  fit  for  caulking  in 
the  field.  The  total  number,  in  the  complete  structure  of  this  type 
of  plate,  is  472,  the  average  weight  of  each  being  17G0  lb. 


J  •  /3  7j'  P 36  ‘RlGHT 
P35  -  Left 
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These  plates  were  bent  by  putting  a  special  rigging  on  the 
bending  rolls.  A  cast  iron  die  was  made  to  conform  with  re¬ 
quired  bend  in  plate  and  set  in  between  the  two  lower  bending 
rolls,  acting  as  a  female  die,  a  standard  angle  with  a  few  holes 
punched  in  it  was  wired  to  the  upper  bending  roll  which  acted  as 
a  male  die.  The  bend  lines  were  then  scribed  on  the  plate  and  it 
was  placed  between  the  rolls  with  the  bend  line  under  the  corner 
of  the  angle.  The  rolls  were  not  revolved,  the  lower  rolls  remain¬ 
ing  stationary,  or  in  a  fixed  position,  while  the  upper  roll  carrying 
the  angle  was  screwed  down  acting  as  a  press,  the  required  bend 
being  thus  pressed  in  the  plates.  A  templet  was  then  placed  on 
the  plate  for  a  check  as  to  the  bends  and  as  these  were  made  very 
accurate,  caused  no  trouble  in  fitting  up  in  field  with  a  tight  joint 
and  were  easily  caulked.  About  80  of  these  plates  were  bent  in  a 
day  by  this  method. 

An  erection  diagram  of  the  cross-overs  is  shown  in  Fig.  11. 
These  plates  were  shipped  knocked-down  in  sections  as  shown. 
Plate  P — 20  is  a  floor  plate  of  the  cross-over,  connecting  the  two 
tubes,  with  a  bend  on  each  side  to  correspond  to  an  inside  plate 
of  an  outside  ring,  with  a  radius  of  9  ft.  6  in.  to  inside  of  plate, 
forming  a  lap  joint  with  bottom  ring  plates  of  each  tube,  the  left 
end  of  plate  blocked  out  and  ground  to  fit  the  vertical  plate  and 
angles  of  diaphragm  between  tubes  which  formed  one  wall  of 
cross  over.  Plate  P — 21  forming  the  other  wall  with  the  bottom 
angle  md  connecting  to  right  hand  end  of  plate  P — 20.  Plate 
P — 22  is  a  top  plate,  the  angle  mg  connecting  it  with  the  vertical 
plate  of  the  diaphragm  and  the  open  holes  in  the  opposite  end 
connect  with  top  angle  me  of  P — 21. 

Plate  P — 19  is  a  vertical  inside  plate  of  an  outside  ring,  con¬ 
necting  the  cross-over  plate  P — 21  with  angle  mb.  The  other  side 
forms  a  lap  joint  with  the  adjoining  inside  ring,  the  lower  end, 
being  bent,  laps  the  bottom  plate  of  the  outside  ring,  the  right 
hand  end  of  the  bent  portion  butting  against  the  left  hand  end  of 
the  bent  portion  of  P — 20. 

Plate  P — 17  forms  the  top  portion  of  the  vertical  outside  ring 
plate  over  the  cross-over,  the  holes  in  angle  ma  connecting  to  side 
of  plate  P — 22,  the  splice  plate  ca  connecting  to  top  of  plate  P — 19, 
the  bent  portion  on  top  connects  to  top  outside  ring  plate  of  tubes, 
the  left  hand  end  connecting  to  the  diaphragm,  and  the  right  hand 
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end  forming  a  lap  joint  with  the  adjoining  vertical  inside  ring 
plate.  These  plates  and  angles  were  all  multiple  punch  work. 
The  tonnage  of  these  plates  forming  the  38  cross-overs  is  52  tons. 

Figure  12  is  a  view  of  a  typical  cross-over  showing  the  joint 
at  splice  of  plates,  also  the  concrete  anchor  straps.  The  4  X  3  X 
*4  in.  stiffener  angles  on  the  outside  of  tube  at  the  lap  joint  of  the 
inside  and  outside  ring  plates  midway  between  the  diaphragms 
are  shown  in  the  typical  half  section  at  reinforcing  angles  in  Fig. 
4.  These  stiffener  angles  were  built  up  in  four  sections,  R — 18, 
R — ip  R — 21,  and  R — 22  with  the  ends  spliced  with  4  X  3  X 
in.  bent  angles  about  two  feet  long.  The  angles  were  all  punched 
on  a  multiple  punch  and  the  curved  angles  were  bent  by  passing 
through  a  horizontal  gag  press  and  while  held  in  place  by  two 
hydraulic  hold  downs,  the  required  curve  was  pressed  in  them. 
The  bent  splice  angles  were  pressed  in  a  die.  There  is  a  total  of 
828  pieces  of  straight  side  angles,  1168  pieces  of  top  and  bottom 
curved  angles  and  294  pieces  of  curved  side  angles  in  the  complete 
structure. 

A  typical  detail  of  an  elbow  in  an  outside  tube,  adjoining 
sump  in  Section  C  is  shown  in  Fig.  13,  formed  with  an  outside  and 


Fig.  12.  View  of  Cross  Over  Connecting  Tubes. 
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Fig.  13.  Typical  Detail  of  Elbow  in  Section 
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inside  ring.  A  single  line  diagram  with  all  angles  and  dimensions 
tying  up  with  center-line  of  tube,  and  end  elevation  showing  the 
four  lap  splices  with  angle  and  dimensions  for  the  elbow  with  size 
and  length  of  material,  was  all  that  was  necessary  for  the  detail 
of  this  elbow  as  it  was  to  be  laid  out  from  templet  and  punched 
on  a  single  punch  and  then  bent  as  already  described  for  the  other 
curved  plates.  These  elbows  were  all  set  up  in  the  shop  to  insure 
a  good  fit  and  were  then  shipped  knocked-down,  and  caused  no 
trouble  when  assembled  in  the  field. 

A  detail  of  the  sump  connecting  an  outside  and  inside  tube  is 
shown  in  Fig.  14.  These  plates  were  all  laid  out  from  templet 
and  punched  on  a  single  punch  and  then  bent  to  templet.  The 
angles  were  bent  to  templet  and  then  punched.  These  sumps 
were  assembled  in  shop  in  fabricating  to  insure  a  good  fit  and 
then  knocked-down  for  shipment.  The  total  weight  for  the  two 
sumps  is  7y2  tons. 

Shearing  of  plates  for  caulking :  It  was  originally  intended 
to  do  all  the  caulking  from  the  outside,  but  owing  to  the  rise  in 
tide  it  was  found  that  the  caulking  on  bottom  of  tubes  could  only 
be  done  at  low  tide.  It  was  then  decided  to  do  all  caulking  from 
the  inside  and  as  the  edge  of  the  plates  were  all  straight  sheared 
in  place  of  beveled  edge,  the  plates  could  be  split  caulked  from 
either  side  and  made  no  change  in  the  details.  The  average  lineal 
feet  of  split  caulking  in  field  per  man,  per  day,  was  95  ft. 

Shop  and  field  riveting :  The  weight  of  scrap  from  punch- 
ings  in  shop  was  45  tons  and  the  weight  of  scrap  from  trimming 
plates  and  angles  was  42  tons,  giving  a  total  of  87  tons  of  scrap 
or  2.9  percent  of  total  shipped  tonnage.  The  total  number  of 
shop  rivets  driven  was  56  653,  equal  in  weight  to  13  tons.  The 
total  number  of  held  rivets  driven  was  418  968,  equal  in  weight 
to  88  tons. 

I  think  it  would  have  been  impossible,  without  the  aid  of  the 
multiple  punch,  to  have  made  the  holes  match  in  the  held  without 
drifting  or  reaming,  which  was  never  necessary  in  assembling  this 
great  number  of  plates.  I  also  might  mention  that  very  little 
caulking  was  required  on  the  button  head  rivets  in  held  as  the 
rivets  were  driven  with  a  90  lb.  pressure  at  gun  and  100  lb.  at 
compressor.  Ten  guns  and  six  caulking  hammers  were  in  use  at 
one  time  and  the  maximum  distance  from  compressor  was  180 


Fig.  14.  Detail  of  Sump. 
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ft.  and  the  minimum  distance  00  ft.  Coal  forges  were  used  for 
heating  the  rivets. 

Cost  of  detail  drawings :  The  information  for  detailing  on 
this  contract  was  received  Dec.  9,  1912 ;  material  was  ordered  Dec. 
31,  1912;  first  details  sent  to  shop  Feb.  21,  1913,  and  final  draw¬ 
ings  sent  to  shop  June  7,  1913. 

The  total  number  of  detail  drawings  required  was  62  —  24 
X  36  .in.  sheets  and  total  number  of  hours  required  for  detailing 
was  7130  with  an  average  working  force  of  ten  men,  giving  an 
average  cost  for  detailing  of  $1.36  per  ton. 

Back  charges — Drawing  room  and  field :  l  he  total  back 
charges  by  the  contractor  for  correcting  errors  in  the  field,  which 
consisted  of  a  drawing  room  error  of  omitting  a  total  of  16  holes, 
and  shop  error  for  failing  to  trim  some  of  the  ends  of  plates  and 
Z  bars,  was  a  total  of  $21.80. 

Alignment  of  material  in  the  field :  Mr.  Hoff’s  Assistant  En¬ 
gineer,  Mr.  G.  Mueller,  informed  me  that  in  starting  the  erection 
of  a  section,  having  set  up  and  leveled  the  lower  sections  of  dia¬ 
phragms  with  bottom  ring  plates  of  tubes  in  place,  he  would  have 
the  balance  of  ring  plates  put  in  place  for  the  four  tubes  at  the 
starting  end,  then  set  up  his  instrument  and  sight  along  the  center- 
line  of  the  outside  tube  and  check  on  the  alignment  of  same,  then 
swing  around  to  an  angle  of  90  deg.  and  line  up  all  the  end  plates 
of  the  four  tubes  in  a  vertical  plane.  He  would  then  set  up  the 
instrument  at  the  same  end  of  the  other  outside  tube  and  go 
through  the  same  operation  for  a  check.  The  balance  of  the  tube 
plates  were  then  put  in  place  for  the  whole  section  and  in  check¬ 
ing  up  the  other  end  by  the  same  method,  never  found  the  plates 
on  this  end  out  more  than  l/s  in.  to  J4  in.  m  the  four  tubes  for  end 
alignment,  which  was  very  close  work,  considering  the  number 
of  plates  to  be  assembled. 

Storage  of  material  for  erection  :  Arrangements  were  made 
for  storing  the  material  for  Sections  B,  C,  D,  and  E  at  the  Green¬ 
ville  Yards  of  the  Pennsylvania  Railroad  Co.,  New  Jersey,  which 
is  about  12  miles  from  the  erection  site.  This  would  enable  the 
Ambridge  Plant  to  fabricate  the  great  number  of  pieces  that  were 
alike  for  the  different  sections  and  ship  them  without  rehandling 
in  the  shop,  and  also  saved  the  contractor  time  on  the  erection,  as 
the  pieces  would  be  lightered  from  Greenville  to  site  as  needed, 
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and  in  some  cases  where  pieces  were  damaged  when  received  at 
site,  a  duplicate  piece  could  be  found  at  Greenville  from  another 
section  without  causing  any  delay  on  erection  and  a  new  piece  re¬ 
placed  at  Greenville  from  Ambridge. 

Storing  the  material  at  Greenville  was  found  very  satisfac¬ 
tory  as  frequently  the  first  car  shipped  from  Ambridge  would  be 
the  last  to  arrive  at  Greenville,  due  to  cars  going  astray  in  making 
up  trains  in  the  yards  and  transfer  points,  which  would  have 
caused  much  delay  in  erection. 

The  first  shipment  of  material  made  from  Ambridge  was 
May  14,  1913,  and  the  final  shipment  Aug.  25,  1913. 

The  assembling  of  steel  in  the  field  for  Section  A,  which  was 
the  first  section  erected,  was  started  June  2,  1913,  and  Section  E, 
the  final  section,  was  assembled  complete  Jan.  1st,  1914. 

The  first  work  done  on  the  contract  by  the  contractor  was  the 
dredging,  which  was  started  March  10,  1913,  and  the  finished 
tubes  with  concrete  lining  were  completed  Aug.  10,  1915. 

Final :  This  description  and  data  show  the  magnitude  and 
vast  amount  of  work  required  in  connection  with  the  detailing  and 
fabrication  of  the  large  number  of  pieces  and  great  amount  of 
material  used  in  this  structure. 

Permission  for  using  this  data  was  obtained  from  Mr.  J.  E. 
Wadsworth,  Eastern  Division  Engineer,  American  Bridge  Co. ; 
Mr.  R.  S.  Armstrong,  Engineer  and  Manager  of  the  Brooklyn 
Plant ;  and  Mr.  F.  T.  Cadmus,  Manager,  of  Ambridge  Plant. 


CORRESPONDENCE 

Mr.  Sverre  Dahm  :*  The  rapid  transit  tunnels  under  the 
East  and  Hudson  Rivers  to  Manhattan  have  been  built  by  tun¬ 
neling  methods  with  the  shield.  The  War  Department  required 
that  there  should  be  at  least  45  ft.  of  water  above  the  tunnel  at 
low  tide,  and  this  made  the  shield  method  necessary  under  these 
rivers. 

The  first  tunnel  built  under  the  Harlem  River  is  about  400  ft. 
between  bulkhead  lines.  It  was  not  required  to  be  as  deep  as  the 
others.  Twenty  feet  of  water  at  low  tide  was  the  War  Depart- 

*Principal  Assistant  Engineer,  Public  Service  Commission,  Tribune 
Building,  New  York. 
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ment  requirement.  It  was  constructed  by  Messrs.  McMullen  & 
McBean,  as  a  subcontract  from  the  Rapid  Transit  Subway  (  on- 
struction  Company  in  1900-1904.  It  was  built  as  a  twin  tube  cast- 
iron  circular  section  covered  with  concrete.  The  contractor  used 
two  methods  in  his  construction.  In  building  the  westerly  half  of 
the  tunnel  they  first  dredged  down  to  a  plane  about  four  feet 
above  sub-grade.  Heavy  tight  sheet  piling  was  driven  on  each 
side  of  the  tunnel  location  and  cut  oft  at  a  level  somewhat  above 
the  top  of  the  proposed  tunnel,  and  thereon  was  fastened,  by 
divers,  three  layers  of  12  by  12  in.  timbers,  with  2  in.  by  12  in. 
tongue  and  grooved  stuff  in  between.  By  this  means  a  heavy 
water-tight  box  was  formed.  The  tunnel  was  then  built  in  this 
box  under  air  pressure. 

The  easterly  half  of  this  tunnel  was  built  somewhat  differ¬ 
ently.  The  upper  portion  of  the  section  was  built  at  some  distance 
from  the  tunnel,  completely  concreted  and  braced,  and  then 
floated  out  to  the  site  which  had  been  previously  dredged,  as 
before,  and  12  in.  tight  sheet  piling  driven  on  each  side  cut  off  to 
receive  the  floating  roof.  This  roof  on  the  sheet  piling  made  a 
tight  box  within  which  the  remaining  excavation  was  made  and 
the  structure  completed  under  air  pressure. 

The  Lexington  Avenue  subway  is  a  four-track  structure  and 
crosses  under  the  Harlem  River  from  a  point  in  Lexington  ave¬ 
nue  in  the  Borough  of  Manhattan  to  about  Park  avenue,  Borough 
of  Bronx. 

To  save  in  construction  of  the  approaches,  as  well  as  in  cost 
of  future  operation,  it  was  desired  to  keep  the  tubes  as  high  as 
possible.  The  War  Department  prescribed  25  ft.  clear  waterway 
above  the  roof  at  low  tide,  an  increase  of  five  feet  above  the 
earlier  requirement.  A  shield  driven  tunnel  was  therefore  con¬ 
sidered  impracticable.  As  so  much  depends  on  the  contractor  s 
method  of  doing  this  work,  it  would  have  been  very  desirable  if 
bids  could  have  been  asked  for  the  construction  of  the  tunnel,  lim¬ 
iting  it  only  to  the  required  clearance  diagram,  location  and 
depth  below  water.  There  were,  however,  too  many  legal  difficul¬ 
ties  in  the  way  of  such  a  procedure.  Bids  were  therefore  asked  on 
three  alternative  sets  of  plans,  known  as  Types  H,  K  and  L. 

Type  H  is  similar  to  the  section  of  our  first  tunnel  under  the 
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Harlem  River,  as  explained  above,  with  two  2-track  twin  tunnels. 

Type  K  was  a  four-track  design  based  on  the  successfully 
built  Michigan  Central  tunnel  under  the  Detroit  River ;  and 

Type  L,  which  is  a  four-track  cast  iron  section,  is  a  combina¬ 
tion  of  both. 

Our  work  is  usually  done  on  the  unit  price  basis.  Bids  are 
made  based  on  a  list  of  estimated  quantities  furnished  to  the 
contractor.  The  summary  of  bids  received  on  May  27,  1912,  for 
the  tunnel  and  approaches,  known  as  Route  5,  Section  14,  are  as 
follows : 

Type  K. 

Arthur  McMullen  (Olaf  Hoff,  Associate)  .$3  889  775.05 


J.  F.  Stevens  Construction  Co .  3  936  558.50 

Fred  L.  Cranford .  4177  449.10 

Pittsburgh  Construction  Co .  4  396  126.50 

J.  F.  Cogan  Co .  4  483  626.00 

Empire  Engineering  Co .  4  492  127.30 

T.  A.  Gillespie  Co .  4  553  666.00 

Degnon  Contracting  Co .  4  590  639.40 


Type  L. 

O’Rourke  Engineering  Construction  Co.  .$3  972  943.95 


J.  F.  Stevens  Construction  Co .  4  025  120.25 

Fred  L.  Cranford .  4  182  142.50 

Empire  Engineering  Co .  4  519  335.50 

J.  F.  Cogan  Co .  4  613  332.00 

Degnon  Contracting  Co .  4  753  003.80 


Type  H. 


J.  F.  Stevens  Construction  Co . $4  207  198.50 

Degnon  Contracting  Co .  4  838  817.00 

J.  F.  Cogan  Co .  4  922  980.50 


Based  on  these  bids  the  contract  was  awarded  to  Arthur  Mc¬ 
Mullen  and  Olaf  Hoff,  and  later  was  assigned  to  Arthur  McMul¬ 
len  &  Hoff  Co. 

The  design  of  the  structure  is  such  that  the  outer  concrete 
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with  the  steel  shell  would  be  sufficient  to  care  tor  all  the  stresses 
to  which  the  tunnel  might  be  exposed.  The  concrete  lining  is  an 
additional  safeguard.  1  he  successful  completion  of  the  work  was, 
no  doubt,  due  in  great  measure  to  the  scheme  originated  by  the 
author  of  the  paper  of  placing  diaphragms  approximately  15  feet 
apart,  which  made  possible  the  placing  ot  all  the  concrete  ot  a 
section  without  any  joints. 

I  consider  myself  very  fortunate  in  having  been  connected 
with  this  interesting  work,  which  was  executed  by  the  contractor 
and  his  engineers  with  great  ability  and  without  any  serious  mis¬ 
hap  of  any  kind. 

Mr.  Walton  I.  Aims  *  It  is  a  great  pleasure  to  know  that 
there  has  been  added  to  the  literature  of  the  profession  a  paper 
by  Mr.  Hoff,  who  has  devised  many  of  the  practical  features 
which  have  made  this  method  of  tunnel  building  a  success. 

The  work  under  the  Harlem  River  has  been  clearly  and  care¬ 
fully  described,  and  little  is  to  be  found  to  which  an\  exception 
may  be  taken. 

It  seems,  however,  to  the  writer  that  an  erroneous  impres¬ 
sion  may  be  created  by  the  statement  that  the  purpose  of  the 
method  is  to  eliminate  the  dangers  of  work  in  compressed  air. 
In  modern  tunnel  building  in  compressed  air,  practically  the  onl\ 
serious  danger  is  to  the  lives  of  the  workers  from  caisson  dis¬ 
ease,”  and  in  the  case  of  the  Harlem  River  lunnel,  the  depth  i> 
so  comparatively  shallow  that  the  risk  to  compressed  air  workers 
is  small.  However,  in  all  tunnel  building  where  the  operations  are 
carried  on  from  a  working  face  or  heading  where  all  the  waste 
material  and  materials  of  construction  have  to  be  carried  back 
and  forth  on  temporary  tracks,  through  the  completed  portion  of 
the  tunnel,  under  artificial  illumination,  there  is  a  constant  menace 
to  the  lives  and  health  of  the  workmen  who  are  obliged  to  work 
at  high  tension  in  this  confined  space.  It  is  the  elimination  ot 
this  risk,  more  than  that  of  compressed  air,  in  the  opinion  of  the 
writer,  that  is  responsible  for  the  remarkable  record  Mr.  Hoff 
speaks  of  at  the  end  of  his  paper that  this  large  undertaking 


•Consulting  Engineer,  45  Broadway,  New  \  ork. 
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was  carried  out  without  the  loss  of  a  single  life  or  permanent 
injury  to  any  workman. 

It  would  be  interesting  to  know  if  a  similar  record  was 
made  at  Detroit  on  the  Michigan  Central  tunnel  work. 

While  the  toll  of  life  taken  by  large  engineering  operations 
is  receiving  more  and  more  attention  every  year,  the  determining 
factor  is  still  the  matter  of  cost  in  the  final  selection  of  the  method 
of  construction.  Although  Mr.  Hoff’s  paper  does  not  touch  on 
the  cost  of  the  work,  in  looking  over  the  blueprints  accompanying 
his  paper  one  is  struck  by  the  massiveness  of  construction  which 
might  lead  to  the  inquiry  whether  it  were  possible,  in  the  light  of 
present  experience,  to  effect  some  economies.  For  instance,  was 
it  necessary  to  maintain  a  curved  surface  on  the  side  of  the  two 
outer  tubes,  which  considerably  increases  the  width  of  the  sec¬ 
tions  ? 

Could  not  the  buoyancy,  if  necessary  to  be  balanced  accord¬ 
ing  to  assumptions  of  full  hydrostatic  pressure  on  the  entire  sur¬ 
face,  be  brought  in  equilibrium  by  overhead  weighting,  and  thus 
diminish  the  amount  of  concrete? 

Could  not  the  cross  sectional  area  be  reduced,  by  decreasing 
the  amount  of  concrete  lining  within  the  steel  enveloping  shell  as 
the  greatest  strain  a  subaqueous  tunnel  is  ordinarily  subjected  to 
is  the  initial  strain  during  construction,  which  continues  in  ever- 
lessening  amount  until  conditions  of  equilibrium  have  been  re¬ 
stored  in  the  enveloping  material,  and  which  stresses  are  taken 
up  by  the  outer  concrete  and  the  steel  shell  ? 

One  of  the  greatest  deterrents  to  ordinary  subaqueous  shield 
tunnel  construction  has  been  the  great  cost  of  the  cast-iron  lining, 
which  has  to  be  made  very  heavy  to  withstand  the  initial  strains. 
This  has  led  to  the  substitution  of  segmental  wood  sections  for 
cast-iron  plates  in  some  recent  important  tunnel  work,  within 
which  the  regular  concrete  construction  is  placed,  which  is  made 
strong  enough  in  itself  to  withstand  both  the  initial  strains  and 
those  of  a  permanent  nature. 

If  economies  could  be  made  in  the  method  described  by  Mr. 
Hoff,  it  seems  that  its  scope  of  usefulness  might  be  broadened. 

An  interesting  point  in  the  matter  of  tunnel  construction 
which  has  not  been  mentioned  by  Mr.  Hoff  is  that  of  settlement 
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or  lateral  displacement  during  construction.  It  has  now  been 
demonstrated  that  it  is  practically  impossible  to  drive  an  ordinary 
full  shield  tunnel  on  exact  line  and  grade,  and  that  the  variations 
have  to  be  taken  up  in  the  varying  thickness  of  the  inner  concrete. 
An  extreme  variation  within  3-inches  may  often  be  considered 
a  very  good  result  in  shield  work,  as  the  shield  has  to  be  carried  a 
few  inches  above  grade  to  allow  for  after  settlement,  and  this 
settlement  is  often  very  irregular. 

In  ordinary  masonry  tunnels,  constructed  in  open  heading, 
there  is  almost  always  a  slight  settlement  of  each  section  of 
masonry,  causing  transverse  cracks  across  the  arch  at  the  joints, 
and  if  steps  are  taken  to  prevent  this  end  joint  cracking,  the  cracks 
then  appear  in  the  middle  of  the  section. 

It  would  be  interesting  to  know  what  observations,  if  any, 
were  made  as  to  after  settlements  in  the  Harlem  River  Tunnel. 
Another  point  not  mentioned  is  whether  it  is  the  intention  to  re¬ 
place  the  dredged-out  material,  and  what  observation,  if  any,  has 
yet  been  made  as  to  the  amount  of  seepage  into  the  finished  work. 

Mr.  Howard  B.  Gates  :*  Mr.  Hoff  has  picked  the  bird  so 
clean  that  I  find  very  little  but  the  bones  to  offer  in  addition. 
However,  a  few  omitted  details  may  be  given  more  as  a  matter  of 
interest  than  on  account  of  their  importance  as  bearing  upon  the 
essentials  of  the  project. 

In  excavating  the  trench  for  Sections  C  and  E  rock  was 
encountered  within  the  designed  position  of  the  structure.  A 
steam-driven  drill  mounted  on  a  pile-driver  frame  and  using  a 
4-inch  diameter  bit  drilled  holes  up  to  35  ft.  into  the  rock  and 
GO  ft.  below  water.  The  holes  were  spaced  5-feet  on  centers  in 
each  direction  and  were  extended  5- feet  below  the  grade  of  the 
bottom  of  the  diaphragms  to  make  sure  that  the  rock  should  be 
removed  clear  of  the  structure.  A  small  percentage  of  the  holes 
drilled  filled  with  soft  material  from  the  side  slopes  and  were 
lost,  but  this  difficulty  was  reduced  to  a  minimum  by  loading  the 
holes  as  soon  as  possible  after  the  drilling  was  finished.  1  he 
average  charge  used  was  one  and  one-half  pounds  of  60  or  70 
percent  dynamite  per  lineal  foot  of  hole.  1  he  holes  were  loaded 

•Assistant  Engineer,  Public  Service  Commission.  Tribune  Building, 
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by  a  diver  and  the  broken  rock  removed  by  a  large  dipper  dredge. 

In  order  to  determine  whether  all  of  the  rock  had  been  re¬ 
moved  clear  of  the  structure,  a  “sweep”  was  rigged  consisting  of 
two  fabricated  steel  columns  60  ft.  long,  held  about  10  ft.  apart 
by  wooden  bracing,  and  having  a  timber  40  ft.  long  fastened 
across  the  bottom  ends  at  right  angles  to  the  columns.  When  this 
“sweep”  was  suspended  from  the  fall  line  of  a  pile-driver  this 
timber  remained  in  a  horizontal  position,  and  by  lowering  it  to  the 
elevation  of  the  designed  grade  any  encroachments  were  readily 
and  accurately  located  as  the  pile-driver  moved  slowly  over  the 
trench  directed  and  kept  in  position  by  means  of  a  transit.  A 
diver  was  sent  down  whenever  an  obstruction  was  found,  to  report 
on  the  nature  and  extent  of  it  and  to  remove  it  if  possible.  Out¬ 
side  of  the  rock  areas  soundings  taken  with  a  lead  line  were  de¬ 
pended  upon  for  determining  the  final  grade  of  the  trench. 

Reference  to  the  plates  will  indicate  that,  with  the  exception 
of  the  south  end  of  Section  A  and  the  north  end  of  Section  D, 
bulkheads  were  placed  only  in  the  lower  half  of  the  two  center 
tubes.  Experience  indicates  that  it  would  have  been  an  econom¬ 
ical  addition  to  have  built  light-pressure  bulkheads  for  the  full 
height  in  these  tubes  and  thereby  exclude  practically  all  of  the 
silt  which,  after  being  stirred  up  during  the  dredging  for  the 
adjoining  sections,  settled  into  these  tubes  and  added  considerably 
to  the  labor  of  cleaning  and  preparing  the  steel  work  before  plac¬ 
ing  the  concrete  lining. 

After  unwatering  the  tubes  it  was  determined  that  there  were 
many  irregular  areas  where  the  invert  shell  plates  and  the  exterior 
concrete  were  not  in  contact,  and  with  a  view  of  giving  uniform 
support  to  the  steel  plates  and  effecting  a  water-tight  tunnel  these 
areas  were  grouted.  Also  at  the  crown  of  the  arch,  where  there 
were  voids  due  to  keying  the  arch  and  the  usual  shrinkage  of  the 
concrete  in  setting,  grouting  was  resorted  to  in  order  to  give  the 
steel  shell  a  uniform  support.  The  invert  grout  pipes  were  ex¬ 
tended  through  the  concrete  lining  and  were  not  grouted  until 
all  of  the  lining  had  been  placed  in  order  to  avoid  any  tendency 
to  distortion  under  the  grouting  pressure  (100  lb.  per  sq.  in.). 
Wherever  examination  was  made  it  was  found  that  the  void  be¬ 
tween  the  steel  and  the  exterior  concrete  was  very  little,  as, 
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indeed,  the  subsequent  grouting  proved  for  only  one-half  a  cubic 
foot  per  lineal  foot  of  a  single  tube  was  used.  In  the  concrete 
arch  the  grout  pipes  were  placed  at  intervals  of  1*")  ft.  and  ex¬ 
tended  through  the  lining  to  within  about  ^  in.  of  the  steel  shell. 
The  grouting  in  these  holes  developed  only  very  general  averages, 
for  the  grout  was  forced  considerable  distance  each  way  from  the 
hole,  being  filled  as  much  as  175  feet  in  some  cases.  An  average 
of  2.5  cubic  feet  per  lineal  foot  was  used  in  each  tube.  Neat 
cement  grout  was  used  throughout. 

To  obtain  an  idea  of  the  structural  alignment  of  the  four 
Sections  A ,  B,  C  and  D  an  arbitrary  reference  line  was  established 
between  the  extreme  accessible  diaphragms  and  readings  taken 
of  the  position  of  the  shell  plate  at  the  intervening  diaphragms. 
Figure  15  gives  the  results  of  this  investigation  plotted  to  a  very 
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greatly  distorted  scale  and  indicating  a  maximum  divergence  from 
this  reference  line  of  4-inches  at  the  north  end  of  Section  B  and 
a  maximum  variation  in  any  single  section  of  y2  in.  from  a 
straight  line  from  end  to  end,  Section  A  being  almost  perfect. 
Section  E  could  not  be  included  in  this  record  on  account  of  con¬ 
ditions  on  the  work.  A  comparison  of  the  actual  and  theoretical 
elevations  of  the  tubes  shows  a  line  of  rather  more  irregular  con¬ 
tour  with  a  maximum  difference  of  4*4  in.  and  a  maximum 
divergence  from  a  straight  line  from  end  to  end  at  the  bottom  of 
y  in.  An  interesting  and  very  uniform  condition  is  the  difference 
of  1^8  in-  at  each  of  the  junctions  A-B,  B-C  and  C-D,  and  the 
slightly  greater  one  of  1J4  in .  at  E-A.  In  each  case  the  section 
which  was  last  to  be  placed  is  lower  by  this  nearly  constant 
amount.  No  very  positive  reason  can  be  given  for  this  except  a 
possible  elongation  of  the  outside  tubes  in  a  vertical  plane  due  to 
the  weight  which  was  placed  upon  the  5-inch  pin  connections 
attached  to  these  sections  at  the  top.  However,  when  it  is  con¬ 
sidered  that  these  small  variations  from  the  theoretical  lines  have 
resulted  from  the  accumulation  of  shop  and  erection  errors,  as 
well  as  construction  methods,  it  must  be  granted  to  be  rather 
remarkable  work  for  a  structure  of  its  dimensions,  built  of  light 
shapes  and  plates  and  located  entirely  from  the  surface  except 
for  the  assistance  of  the  divers. 

In  conclusion  it  might  be  of  interest  to  state  that  the  contract 
price  of  $1500  per  lineal  foot  of  completed  structure  will  not  be 
increased  by  extras  of  any  kind. 

No  dissertation  on  this  subject  would  be  complete  which  did 
not  mention  the  admirable  spirit  of  co-operation  on  the  part  of 
the  contractors,  their  superintendent  and  engineers  to  get  the  best 
results  possible.  Great  credit  is  due  to  Mr.  Hoff  for  originating 
the  method  and  so  skilfully  adapting  the  hydraulic  principles  of 
buoyancy  and  its  control  to  such  a  structure.  Equal  credit  as 
affecting  this  work  must  be  given  to  Superintendent  Melvin  for 
the  far-sighted  thoroughness  and  faultless  execution  of  the  plan 
to  its  last  detail.  No  contingency  arose  which  he  seemingly  had 
not  anticipated  and  provided  for;  he  always  seemed  to  have 
plenty  of  reserves.  There  existed  throughout  the  organization 
the  greatest  respect  for  his  judgment  and  a  confidence  which  re- 
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duced  the  worries  of  everyone  concerned,  with  the  possible  excep- 
tion  of  Mr.  Melvin. 

Mr.  Thomas  P.  Roberts  :*  Mr.  Hoff’s  paper  is  replete  with 
the  minutiae  of  hydrostatics  and  hydraulics  pertaining  to  the 
great  undertaking  so  successfully  prosecuted  in  the  Harlem  River. 
Apparently  nothing  whatever  was  to  be  left  to  chance,  for  ‘‘pre¬ 
paredness”  was  evidently  the  watchword  passed  down  through 
every  department. 

The  structural  details  involved  in  the  work  of  construction  of 
the  great  four-track  tunnel  are  told  in  succinct  terms,  leaving 
nothing  to  be  desired.  Mr.  Hoff  was  candid  enough  to  mention 
that  the  Harlem  job  was,  in  a  general  way,  copied  largely  from 
the  successful  tunnel  beneath  the  Detroit  River  constructed  under 
his  own  general  supervision,  which  statement  should  make  his 
critics  somewhat  wary  in  their  expressions  of  dissent  as  to  par¬ 
ticulars  or  in  recommending  improvements.  True,  the  four 
tubes  bolted  together  formed  a  raft-like  structure  not  so  liable  to 
tilt,  dip  or  roll  as  at  Detroit,  where  there  were  only  two  tubes — 
but  who  nowadays  condemns  any  work  as  being  too  excessive  in 
precaution  to  avoid  disasters,  for  one  can  scarcely  cross  a  street 
without  hearing  the  shout  of  a  policeman  or  a  boy  scout  to  play 
safe.” 

The  control  in  the  arrangements  for  sinking  the  tubes  more 
than  fifty  feet  below  the  level  of  high  tide  was  simply  perfect, 
thanks  to  the  air  cylinder  and  other  means  of  control ;  while  the 
final  depositing  load  on  four  derricks  sustaining  TOO  tons  of  sub¬ 
merged  steel  was  only  about  two  tons  for  each  derrick,  any  of 
which  was,  doubtless,  capable  of  safely  lifting  fifteen  tons. 

Especially  commendable,  in  the  writer’s  estimation,  was  the 
use  of  small  Z  bars  in  making  the  water  seals  connecting  the 
major  sections  of  the  tubes,  there  being  no  more  liability  of  leak¬ 
age  developing  at  that  joint  than  along  any  other  line  of  lap  plate 
riveted  work. 

The  paper  is  of  peculiar  interest  at  this  time  to  Pittsburgers 
and  other  dwellers  along  the  Ohio  on  account  of  the  number  of 
bridges  that  are  at  least  being  talked  about  to  meet  the  demands 


*TT.  S.  Engineer  Office,  Pittsburgh. 


570  PROCEEDINGS  ENGINEERS'’  SOCIETY  WESTERN  PENNA. 

of  electric  rail  and  highways.  We  may  expect  an  increasing  de¬ 
mand  for  crossings  of  the  Ohio  in  the  near  future  in  view  of  the 
remarkable  development  in  the  use  of  motor  truck  and  automo¬ 
biles,  while  bridges  for  such  traffic  on  the  upper  Ohio  average 
more  than  twenty-five  miles  apart.  The  automobilists,  it  is  true, 
form  but  a  small  part,  so  far  as  numbers  go,  of  the  population ; 
nevertheless,  they  have  in  this  country  alone  ordered  the  expendi¬ 
ture  of  fully  six  million  dollars  in  road  improvements,  and  the 
tax-paying  public  has  entered  no  protest,  because  it  has  been 
found  the  investment  pays  in  directions  which  need  not  be  speci¬ 
fied  here. 

The  plan  of  tunnels  on  the  Detroit-Harlem  System  has,  in 
some  locations,  decided  advantages  over  bridges.  With  the  clear 
height  of  90  ft.  over  the  low  water  surface  or  pool  level  and  the 
wide  spans  demanded  for  the  channel,  the  cost  of  modern  bridges 
is  very  considerable. 

Suggestions  as  to  the  various  possibilities  of  tubular  tunnels 
for  the  Ohio  crowd  upon  the  imagination,  but  the  present  writer 
begs  leave  to  turn  the  subject  over  to  some  of  our  capable  struc¬ 
tural  engineer  members.  The  writer  will  only  say  at  this  time 
that  on  account  of  the  acid  in  our  rivers,  the  best  scheme  to  pre¬ 
serve  the  metal  of  the  tubes  that  occurs  to  him  is  an  enamel 
coating  of  Gilsonite  prepared  from  rich  coal  free  from  sulphur,  a 
great  abundance  of  which  can  be  found  in  certain  mines.  Some¬ 
times  only  part  of  the  coal  veins  are  of  the  desired  quality,  but  it 
can  be  furnished  ad  lib .  To  the  tar,  if  desired,  certain  alkalies 
can  be  added. 

It  is  to  be  remembered  that  ten  feet  clear  channel  depth  over 
the  tunnel  is  sufficient  in  the  Ohio,  or  only  about  one-third  that 
demanded  in  the  Harlem  River. 
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DISCUSSION 

Mr.  A.  R.  Raymer:*  I  want  to  join  you  in  expressing  your 
appreciation  of  the  valuable  papers  which  have  been  presented 
tonight.  \\  e  are  all  familiar  with  the  usual  methods  of  con¬ 
structing  tunnels  in  rock  or  earth  with  or  without  compressed 
air.  1  he  method  described  tonight  was  used  for  the  second  time 
in  locating  a  tunnel  in  material  too  close  to  the  bottom  of  the  river 
to  allow  the  usual  pneumatic  methods  to  be  used.  You  will  note 
that  the  top  of  the  tunnel  is  only  some  five  feet,  more  or  less,  from 
the  bottom  of  the  river.  Without  the  method  followed  it  would 
have  been  impracticable  to  have  used  any  of  the  usual  methods 
in  constructing  such  a  tunnel. 

It  was  my  privilege  to  inspect  the  construction  of  the  tunnel 
under  the  Detroit  River  by  the  Michigan  Central  by  the  same 
method,  which  was,  as  stated  by  Air.  Hoff,  the  first  place  where 
this  method  was  used,  and  used  successfully. 

I  have  been  very  much  impressed  by  the  very  lucid  descrip¬ 
tion  given  by  Mr.  Hoff  and  by  the  very  clear  plans.  I  imagine 
he  is  a  little  modest  in  describing  his  connection  with  the  work. 
From  my  knowledge  of  such  work,  the  description  given  and  the 
plans  made  indicate  a  great  deal  of  detailed  thought  and  work, 
and  the  successful  accomplishment  of  the  work  proves  the  ac¬ 
curacy  of  the  conclusions  of  the  engineers  in  designing  and  car¬ 
rying  out  this  work. 

As  Mr.  Hoff  did  not  mention  that  the  steel  work  was 
painted,  I  assume  that  it  was  raw ;  that  is,  that  there  was  no  shop 
paint  or  field  paint,  on  account,  I  presume,  of  it  being  embedded 
in  concrete.  I  would  like  to  ask  whether  Mr.  Hoff  has  considered 
the  possibility  of  the  sea  water  following  the  diaphragm  plates 
from  the  exterior  surfaces  to  the  tubes  and  possibly  in  time  pene¬ 
trating  the  tubes,  or  does  he  count  on  the  alkalinity  of  the  con¬ 
crete  hindering  the  penetrating  action  of  the  sea  water  and  pre¬ 
venting  corrosion  ?  The  concrete  is  in  monoliths  divided  by  the 
diaphragm  plates,  and  therefore  disconnected  except  by  the  con¬ 
nections  formed  by  the  steel  work. 
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The  paper  is  so  complete  that  there  are  very  few  questions 
that  remain  to  be  asked,  except  about  the  painting  and  about  the 
corrosion.  I  want  to  express  again  my  appreciation  of  the  splen¬ 
did  paper  and  the  splendid  way  in  which  it  has  been  presented. 

Prof.  H.  R.  Thayer:*  The  papers  of  the  evening  are  dis¬ 
tinct  contributions  to  the  literature  on  tunnel  construction,  a 
science  which  has  advanced  rapidly  in  the  past  few  years. 

It  would  seem  that  the  weakest  point  in  this  method  is  the 
deposition  of  concrete  under  water,  which  is  generally  regarded 
as  objectionable.  To  handle  it  as  outlined  in  the  article  would 
require  a  very  wet  concrete,  with  a  strong  probability  that  more 
water,  perhaps  in  injurious  amounts,  would  be  taken  up  before 
setting.  Were  any  borings  made  on  the  finished  concrete,  and,  if 
so,  what  were  the  results  ? 

The  construction  is  admirably  adapted  to  the  exclusion  of 
water.  The  writer  wishes  to  inquire  if  there  has  been  any  leak¬ 
age,  and,  if  so,  in  what  amounts?  Presumably  the  tunnel  rested 
directly  upon  the  soil  and  depended  upon  it  for  stability.  What 
was  its  nature  and  what  allowable  pressures  were  assumed  in 
design?  From  the  paper  we  may  infer  that  soil  was  somewhat 
variable.  Would  the  tunnel  be  strong  enough  to  resist  the 
tendency  to  settle  in  the  softer  spots? 

The  assumption  that  the  exterior  concrete  holds  the  steel  in 
position  may  be  questioned.  It  is  somewhat  difficult  to  see  how 
it  would  prevent  the  inward  buckling  of  the  steel.  Would  it  not 
be  better  to  consider  that  the  concrete  takes  a  portion  of  the  load, 
as  it  undoubtedly  does? 

Both  authors  have  been  so  thorough  and  their  designs  have 
shown  such  evidence  of  extreme  care  and  thought  that  I  have  no 
doubt  that  these  minor  points  may  be  satisfactorily  explained. 

Mr.  R.  A.  Pendergrass  :f  I  have  been  greatly  interested 
in  the  paper  presented  this  evening  and  in  the  reference  to  the 
similar  work  done  at  Detroit.  In  that  work  several  methods  of 
building  a  subaqueous  tunnel  were  investigated  and  the  final 

♦Assistant  Professor  of  Structural  Engineering,  Carnegie  Institute  of 
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method  was  decided  upon  only  after  considerable  study.  As  Mr. 
Hoff  was  connected  with  the  Detroit  work,  I  think  he  should  be 
congratulated  that  the  first  attempt  to  use  this  method  of  sub¬ 
aqueous  tunneling  was  so  successful  that  no  changes  had  to  be 
made  in  the  general  plans  for  the  work  in  New  York. 

I  noticed  in  Mr.  Duckworth’s  paper  that  no  paint  was  used 
on  the  steel  on  account  of  its  being  embedded  in  concrete.  1  his 
calls  attention  to  the  fact  that  some  engineers  require  painting  of 
steel  embedded  in  concrete,  while  others  do  not.  It  has  been  my 
experience  that  the  majority  of  engineers  who  do  not  require 
the  painting  of  steel  embedded  in  concrete  do  insist  on  the  paint¬ 
ing  of  contact  surfaces.  This  seems  to  me  highly  inconsistent  and 
such  painting  entirely  unnecessary. 

Mr.  Duckworth  has  alluded  to  the  bending  of  the  angles 
and  Z  bars  in  the  gag  press.  I  am  interested  to  know  whether  the 
Z  bars  were  bent  without  heating.  I  understand  that  these  angles 
and  Z  bars  were  punched  before  bending.  Was  any  rule  followed 
to  space  the  holes  in  the  straight  material  so  that  they  would  be 
properly  located  after  bending,  or  was  this  accomplished  simply 
by  experimenting?  Was  the  same  grade  of  steel  used  for  the 
bent  angles  and  Z  bars  as  for  the  balance  of  the  work  ?  It  has 
been  my  experience  that  it  is  desirable  to  use  a  softer  grade  of 
steel  for  bent  work,  particularly  for  material  ^  in.  and  over  in 
thickness. 

It  appears  that  buttonhead  rivets  were  used  for  this  work. 
Is  this  not  rather  unusual?  I  believe  that  for  boiler  and  tank 
work  a  conehead  rivet  is  generally  used.  For  all  the  water-tight 
work  in  the  lock  gates  at  Panama  panhead  rivets  were  used.  It 
would,  therefore,  be  interesting  to  know  whether  any  leaks  devel¬ 
oped  through  rivet  heads. 

The  detail  at  the  intersection  of  the  longitudinal  and  trans¬ 
verse  laps  is  not  clear  to  me.  This  type  of  joint  is  usually  made 
water-tight  by  scarfing  the  plates,  but  as  this  was  not  done  on  this 
particular  work,  I  would  like  to  know  how  these  joints  were 
made. 
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Mr.  Samuel  E.  Duff  :*  It  is  a  little  too  late  to  discuss  these 
papers  thoroughly,  but  there  are  several  points  to  which  I  think 
we  ought  to  call  special  attention. 

In  the  first  place,  I  think  this  paper  is  one  of  the  most  impor¬ 
tant  in  many  ways  that  has  been  presented  to  this  Section  for  a 
long  time.  If  we  were  to  choose  what  we  would  like  to  see  here 
we  would  probably  give  first  choice  to  the  description  of  some 
piece  of  construction  which  embodied  entirely  new  principles  or 
entirely  new  practice,  and  was  successfully  carried  out.  Our 
second  choice,  perhaps,  might  be  a  piece  of  work  where  ordinary 
principles  and  ordinary  practice  were  carried  out  after  such  care¬ 
ful  forethought  and  skillful  direction  that  the  efficiency  was  great. 
Another  one  we  might  select  would  be  a  case  where  ordinary  prin¬ 
ciples  and  ordinary  practice  were  applied,  but  through  some  error 
or  unexpected  circumstance  disaster  occurred.  We  ought  to  have 
things  like  that  presented  to  us  as  a  horrible  example  of  what 
we  should  not  do,  and  they  should  be  carefully  studied.  The 
fourth  case  might  be  where  engineering  principles  well  known 
and  well  understood  were  so  carelessly  applied  as  to  produce  a 
very  unsatisfactory  result. 

I  want  to  call  the  attention  of  the  Section  to  the  fact  that  the 
paper  presented  tonight  particularly  covers  the  first  two  cases  I 
have  cited.  It  describes  a  piece  of  work  which  was  carried  out 
for  the  second  time  only,  a  novel  method  of  subaqueous  tunneling ; 
and  in  the  second  place,  the  plans  show  such  evidence  of  fore¬ 
thought  and  careful  use  of  well-known  principles  that  they  are 
well  worth  the  study  of  everyone  interested  in  construction.  The 
story  of  the  actual  construction  as  we  have  heard  it  tonight  shows 
that  well-known  principles  were  so  carefully  applied  that  the 
result  was  great  efficiency. 

To  criticise  the  details  intelligently  one  should  have  had 
similar  experience,  and  there  are  very  few,  I  believe  no  one,  who 
have  had  the  experience  Mr.  Hoff  has  had  in  this  particular 
work.  I  want  to  call  your  attention  to  a  great  opportunity.  This 
paper  when  it  appears  in  printed  form  in  the  Proceedings  should 
be  most  carefully  studied  in  detail  by  everyone  who  desires  to 
become  expert  in  general  engineering  practice,  not  only  this  par- 

♦Consulting  Engineer,  Empire  Building,  Pittsburgh. 


DISCUSSION  —  HOFF  AND  DUCKWORTH  PAPERS  575 

ticular  practice,  but  general  engineering  practice,  because  the 
engineering  principles  used  and  the  execution  of  them  are  of  very 
high  order. 

In  regard  to  that  part  of  the  paper  presented  by  Mr.  Duck¬ 
worth,  I  have  listened  to  a  great  many  papers  dealing  with  the 
fabrication  and  erection  of  structural  steel,  but  I  do  not  remember 
of  ever  hearing  so  plainly  described  a  number  of  very  skillful  and 
precise  operations  which  have  resulted  in  the  exact  construction 
here  presented.  I  would  call  your  special  attention  to  the  remarks 
made  by  Mr.  Duckworth  as  to  the  length  of  these  tubes  when 
assembled  and  the  very  slight  variation  in  total  length  from  the 
calculated  amount.  The  fact  that  this  steel  work  was  carried 
through  multiple  punches  is  of  first  magnitude  in  explaining  this 
accurate  result.  That  is  nothing  new,  but  that  is  the  difference 
between  our  modern  steel  construction  and  the  old  style  construc¬ 
tion,  when  all  the  punching  was  from  templet  or  from  laid-out 
sheets.  I  venture  to  assert  that  it  is  absolutely  impossible  to  get 
the  accuracy  accomplished  in  these  tubes  in  any  other  way  except 
by  multiple  punches  or  spacing  punches. 

Another  thing  described  by  Mr.  Duckworth  was  the  methods 
of  bending  the  angles  and  special  fittings  and  punching  the  short 
length  of  angles  in  multiple  and  shearing  them.  These  methods 
are,  of  course,  well  known  to  fabricators,  but  it  is  not  often 
that  they  are  so  clearly  set  out.  I  think  the  managers  of  the 
American  Bridge  Company,  who  have  given  their  assent  to  this 
very  precise  description  of  their  methods,  and  Mr.  Duckworth 
himself,  should  be  congratulated  and  complimented  for  their 
broadmindedness  in  thus  describing  their  methods. 

Mr.  K.  H.  Talbot:*  I  should  like  to  ask  if  there  was  any 
trouble  experienced  in  the  separation  of  the  cement  from  the 
aggregate  in  the  first  six  inches  or  one  foot  of  the  footings  before 
the  pipes  were  entirely  filled  and  discharging  at  a  uniform  rate? 

Mr.  L.  F.  W.  HiLDNERit  Mr.  Pendergrass  and  Mr.  Duff 
have  gone  over  the  points  that  would  be  interesting  to  me  from 
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Portland  Cement  Co. 

tChief  Engineer,  Pittsburgh  Bridge  &  Iron  Works,  Rochester,  Pa. 


576  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 

the  structural  steel  end.  If  there  were  more  time,  I  would  like  a 
little  more  information  about  the  shell.  The  bending  of  the  Z 
bars  and  angles,  and  especially  the  punching  of  the  angles  after 
bending,  is  a  matter  of  some  interest. 

Mr.  Hoff  in  his  remarks  did  not  go  very  deeply  into  the 
manner  of  dredging  used.  I  would  like  to  know  just  how  that 
part  of  the  work  was  done — whether  any  particular  method  was 
followed  on  account  of  the  congestion  which  was  shown  in  the 
photographs  ?  This  also  includes  the  taking  away  of  the  waste 
material. 

Mr.  C.  D.  McArthur  :*  In  view  of  the  fact  that  so  little  is 
known  about  the  permeability  of  concrete  in  sea  water,  was  not 
the  use  of  1  :  3  :  6  concrete  on  the  outside  of  the  tubes  a  bold 
piece  of  engineering?  While  there  will  be  no  abrasion  or  concus¬ 
sion  on  the  exterior  surfaces  of  the  concrete,  that  there  will  be 
an  external  pressure  of  great  measure,  and  its  deterioration  due 
to  sea  water,  which  carries  a  great  amount  of  sewage  impurities, 
is  a  fact  that  cannot  be  overlooked.  As  marine  and  dock  engi¬ 
neering  in  which  concrete  is  used  extensively  is  only  of  recent 
years  on  this  continent,  but  as  concrete  has  been  used  by  German, 
French  and  English  dock  engineers  for  a  much  longer  period,  we 
naturally  look  to  them  for  advice  on  this  subject,  and  I  believe 
that  it  is  the  universal  practice  in  these  countries  to  use  a  concrete 
with  one  part  of  cement  to  five,  or  not  more  than  six,  parts  of 
aggregate. 

There  is  also  a  grave  possibility  of  galvanic  action  due  to 
stray  electric  currents  in  the  tubes  themselves,  and  if  this  does 
happen,  thereby  pitting  or  breaking  down  the  tubes,  nothing  can 
prevent  disastrous  leaks  into  the  subway  from  the  river,  as  the 
1:3:6  concrete  on  the  outside  is  not  of  sufficient  density  to 
withstand  the  external  pressure  and  keep  the  water  away  from 
the  tubes,  as  that  mixture  is  far  from  waterproof.  As  there  is  so 
much  uncertainty  about  the  placing  of  concrete  under  water,  too 
many  precautions  cannot  be  taken  to  make  it  as  lasting  as  possible, 
and  it  seems  to  me  that  the  first  one  should  be  to  have  the  pro¬ 
portions  right. 

♦Chief  Engineer,  Blaw  Steel  Construction  Company,  Pittsburgh. 
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No  mention  is  made  in  the  paper  about  the  chemical  analysis 
of  the  cement,  and  I  should  be  pleased  to  know  this,  especially  as 
to  the  amounts  of  magnesia  and  sulphuric  acid  which  it  contains. 
Was  the  prevention  of  electrolysis  of  the  tubes  considered  by  re¬ 
moval  of  the  magnetic  oxide  scale  from  the  plates,  or  painting 
them  ? 

In  back-filling  the  trench  after  the  tubes  were  concreted,  how 
much  earth  covering  was  placed  over  the  tubes,  and  owing  to  the 
currents  in  the  river  can  this  back-filling  be  considered  of  a  per¬ 
manent  nature,  and  would  it  not  have  been  better  to  plank  the 
entire  top  of  the  concrete  before  the  back-filling  was  done,  in 
order  to  prevent  anchors,  etc.,  from  the  moving  craft  in  the  river 
from  coming  in  contact  with  the  concrete,  thereby  injuring  it? 

Mr.  Samuel  E.  Duff:  I  move,  Mr.  Chairman,  that  the 
thanks  of  this  Section  be  given  to  Mr.  Hoff  for  his  very  excel¬ 
lent  paper.  We  cannot  extend  formal  thanks  to  Mr.  Duckworth, 
because  he  is  one  of  us,  but  he  will  understand  that  he  is  to  have 
his  share. 

Vice-Chairman  H.  R.  Thayer:  The  motion  having  been 
carried  unanimously,  I  take  great  pleasure  in  extending  to  Mr. 
Hoff  the  very  cordial  thanks  of  the  Section. 

Mr.  Thomas  Duckworth:*  In  regard  to  the  questions  as 
to  the  bending  of  the  Z  bars  and  angles :  On  account  of  the  great 
number  and  duplication  of  pieces  quite  a  little  experimenting  was 
done  in  the  shop  before  starting  of  the  fabrication  on  the  various 
pieces,  so  as  to  insure  a  first-class  finished  job  in  shop  and  cause 
no  trouble  in  the  field  in  assembling. 

It  was  at  first  decided  to  bend  the  Z  bars  and  angles  to  the 
required  curvature  by  passing  them  through  special  grooved 
rolls  and  rolling  them  by  the  same  process  used  in  the  bending  of 
the  main  shell  plates.  This  proved  unsatisfactory,  for  the  angles 
and  Z  bars  would  come  out  of  the  rolls  on  a  spiral  and  not  to  the 
true  curvature. 

It  was  then  decided  to  bend  the  Z  bars  and  angles  in  the 
horizontal  gag  press.  Cast-iron  dies  were  made  to  conform  to  the 
shape  and  curvature  required,  a  male  die  being  attached  to  the 
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horizontal  plunger  and  a  female  die  to  the  back  support  of  press; 
two  vertical  hydraulic  hold-downs  were  used  to  keep  the  hori¬ 
zontal  legs  from  buckling.  The  reinforcing  angles  and  Z  bars 
were  all  bent  cold  by  this  method  and  a  neat  job  was  obtained. 

The  4  X  3  X  ^2  in.  angles  2-feet  long,  with  the  sharp  bend 
used  as  a  splice  for  the  reinforcing  angles  at  the  corners  of  the 
vertical  walls,  were  the  only  angles  bent  hot  and  were  pressed  in 
dies  to  the  required  shape. 

Experiments  were  also  made  on  the  punching  of  the  angles 
to  suit  the  holes  in  plates.  The  center  of  gravity  of  the  angle 
was  very  close  to  the  center  of  gravity  of  the  leg  punched,  and  a 
slight  variation  was  found  to  occur  in  the  length  of  the  punched 
leg  after  bending.  A  spacing  was  determined  from  this  varia¬ 
tion  and  a  trial  made  by  assembling  an  angle  to  a  plate,  and  was 
found  to  fit  satisfactorily.  The  balance  of  the  pieces  were  then 
punched  on  the  multiple  punch  with  an  excess  of  material  at  each 
end  for  trimming  after  the  angles  were  bent. 

The  same  grade  of  steel  was  used  for  all  the  material  re¬ 
quired  in  the  construction  of  this  work,  as  noted  in  “Extracts 
from  Specifications.” 

In  regard  to  the  rivets  used  on  this  work,  it  is  unusual  to 
use  buttonhead  rivets  for  this  class  of  work,  but  with  a  90  lb. 
pressure  at  the  riveting  guns  very  little  trouble  was  experienced 
in  getting  a  tight  rivet,  and  practically  no  leakage  occurred  at  the 
rivet  heads. 

As  to  the  splice  of  plates  at  the  intersection  of  the  longi¬ 
tudinal  and  transverse  laps,  I  think  the  details  shown  in  Fig.  5 
and  the  typical  view  shown  in  Fig.  12  will  explain  themselves. 

No  scarfing  was  required  on  any  of  the  plates,  as  this  was 
considered  expensive  and  would  require  extra  handling  of  the 
plates.  The  splice  used  is  a  combination  of  a  lap  and  butt  joint, 
the  corners  of  the  plate  being  ground  3-inches,  as  noted  on  detail 
of  plates  shown  in  Figure  9,  for  a  2*T  in.  butt  joint. 

On  all  steel  required  in  the  construction  of  the  New  York 
subways,  with  the  exception  of  the  Harlem  River  tubes,  of  the 
Lexington  Avenue  subway,  the  specifications  require  that  all  steel 
be  painted  except  surfaces  in  contact  with  concrete.  Surfaces  of 


DISCUSSION  —  HOFF  AND  DUCKWORTH  PAPERS 


579 


steel  in  contact,  assembled  in  shop,  to  be  painted  before  assem¬ 
bling. 

I  agree  with  Mr.  Pendergrass  that  painting  of  the  surface 
of  steel  in  contact  before  assembling  in  shop  is  inconsistent,  since 
the  surface  coming  in  contact  with  concrete  is  not  painted,  as  the 
piece  as  a  unit  after  assembling  is  embedded  in  concrete,  which  is 
considered  a  protection  from  the  elements. 

This  painting  requires  extra  handling  of  material,  which 
means  an  increased  shop  cost  in  fabricating,  and  is  a  point,  I  think, 
overlooked  bv  most  engineers. 

Mr.  Olaf  Hoff  :*  In  answering  the  various  questions 
raised  in  the  discussion,  the  writer  will  endeavor  to  do  so  col¬ 
lectively  according  to  subject  instead  of  making  reply  to  each  indi¬ 
vidual. 

The  dredging  was  mostly  done  with  a  clam  shell  dredge  of 
5  cu.  yd.  capacity.  The  rock  referred  to  in  the  discussion  by  Mr. 
Gates  was  removed  with  a  dipper  dredge.  The  material  was  gen¬ 
erally  hauled  to  sea  in  dump  scows  a  distance  of  30  to  35  miles. 
Some  of  the  dredged  material  was  used  in  back-filling  of  the 
tunnel  when  the  outer  concrete  had  been  placed.  1  he  trench  in 
which  the  tunnel  was  built  was  mostly  back-filled  with  material 
from  the  approaches.  The  amount  of  back-fill  on  top  of  the  tubes 
is  from  4  to  6  feet. 

In  regard  to  riveting  of  the  steel  shell,  the  button  rivetheads 
proved  very  satisfactory.  Only  a  very  few  of  them,  from  three 
to  four  rivets  in  each  transverse  seam,  where  there  were  several 
thicknesses  of  plates,  required  a  little  caulking  after  the  tubes 
were  pumped  out. 

The  painting  of  contact  surfaces  of  steel  against  steel,  and 
not  steel  against  concrete,  is  not  as  inconsistent  as  would  appear 
at  first  blush.  The  writer  is  firmly  of  the  opinion  that  cement  in 
direct  contact  with  steel  preserves  the  latter.  During  erection, 
however,  transportation  and  sinking,  unless  painted,  water  might 
penetrate  or  lodge  between  the  steel  surfaces  in  contact  and  start 
a  rusting  process,  while  the  cement  in  the  concrete  could  not  get 
into  touch  with  these  surfaces  and  neutralize  such  tendency. 
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As  to  the  possibility  of  sea  water  following  the  diaphragms 
from  the  exterior  to  the  tubes  and  in  time  corrode  them,  there  is, 
of  course,  a  possibility,  but  hardly  a  probability.  The  predomi¬ 
nant  experience  seems  to  be  that  salt  water  will  not  corrode  steel 
or  wrought  iron  unless  it  has  the  opportunity  of  circulating 
around  it.  A  shield  installed  in  1890,  for  driving  the  South  Tun¬ 
nel  of  the  Hudson  &  Manhattan  Railway  Company  under  the 
Hudson  River,  New  York  City,  was  exposed  to  the  action  of  salt 
water  during  the  abandonment  of  this  work  for  lack  of  funds 
until  1902,  when  the  tunnel  was  pumped  out  and  the  shield  found 
in  an  excellent  state  of  preservation  after  12  years  of  exposure. 
It  required  no  repairs  in  order  to  be  used  in  driving  the  remainder 
of  the  tunnel.  Mr.  J.  Vipont  Davies,  of  the  firm  of  Jacobs  & 
Davies,  Consulting  Engineers,  in  charge  of  the  work,  stated  to  the 
writer  that  the  metal  was  hardly  pitted.  Other  instances  could 
be  cited.  In  the  writer’s  opinion,  the  chance  of  corrosion  due  to 
the  action  of  sea  water  is  extremely  small.  But  assuming  for 
argument’s  sake  that  such  corrosion  does  take  place,  no  great 
harm  would  result.  After  the  completion  of  the  tunnel,  inner 
lining  and  all,  the  principal  function  of  the  steel  shell  is  to  serve 
as  waterproofing,  and  it  is  a  question  if  it  would  not  serve  this 
purpose  equally  well  after  corrosion. 

During  construction,  the  steel  shell  is  nothing  but  a  form  for 
the  outer  concrete,  which  in  itself  is  ample  to  resist  all  the  pres¬ 
sures  of  whatever  kind  that  may  come  upon  it.  The  steel  shell 
being  placed  between  the  outer  concrete  and  the  subsequently 
placed  inner  lining,  adds  greatly  to  the  structural  strength  of  the 
tunnel.  The  inner  lining  serves  the  purpose,  among  others,  of 
preserving  the  inner  face  of  the  steel  shell,  but  could  be  dispensed 
with  if  financial  considerations  required  it ;  in  this  case  the  shell 
would  have  to  be  heavier  and  maintained  with  painting.  This, 
however,  is  not  to  be  recommended.  If  the  steel  were  painted,  a 
linseed  oil  plant  should  not  be  used,  but  preferably  a  coating  of 
“Gilsonite,”  as  suggested  by  Colonel  Roberts,  or  some  similar 
material. 

Regarding  the  outer  concrete  deposited  by  tremie  through 
water,  the  experience  acquired  in  the  Harlem  Tunnel  was  pre¬ 
cisely  the  same  as  at  Detroit.  The  cement  showed  no  tendency 
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to  separate  from  the  aggregate.  For  a  more  detailed  description 
of  the  proper  way  to  construct  and  operate  a  tremie,  the  writer 
would  refer  to  a  paper  read  by  him  in  February,  1910,  before  the 
National  Association  of  Cement  Users  on  the  subject  of  “Laying 
Concrete  Under  \\  ater  on  the  Detroit  River  T unnel.  1  his 
paper  was  printed  in  Engineering  News  for  March  17,  1910.  lhe 
strength  of  the  tremie  deposited  concrete  at  Detroit  proved  to 
be  greater  than  the  concrete  of  the  same  proportion  and  ma¬ 
terial  deposited  in  air,  core-drilled  samples  being  taken  for  the 
purpose  of  testing.  Samples  taken  at  a  depth  of  less  than  a  foot 
from  the  bottom  appeared  to  be  as  well  mixed  as  those  higher  up 
in  the  mass.  No  cores  have  so  far  been  taken  of  the  Harlem 
Tunnel,  but  at  the  cofferdams  at  the  ends  samples  taken  from  the 
concrete  below  the  diaphragms  appeared  to  be  very  good.  Cubes 
were  cut  from  them  for  souvenirs. 

The  outer  concrete  flowed  in  under  the  steel  tubes  in  very 
good  shape,  as  evidenced  in  the  discussion  by  Mr.  Gates.  It  is 
quite  remarkable  that  the  amount  of  grout  used  under  the  invert 
and  under  the  cross  passages  (the  latter  requiring  two-thirds 
of  it)  for  filling  up  voids  between  the  shell  and  outer  concrete 
was  only  one-fifth  of  the  amount  used  in  tilling  the  voids  between 
the  steel  shell  and  the  concrete  lining  at  the  crown.  1  here  can 
be  no  disputing  the  fact  that  this  outer  concrete  held  the  steel  shell 
from  buckling,  because  it  actually  did  so  for  months  after  the 
tubes  were  pumped  out  until  the  lining  was  completed,  and  e\en 
after  the  lining  was  completed,  on  account  of  the  void  left  between 
it  and  the  shell  at  the  top,  the  stresses  in  the  shell  would  be 
relieved  only  to  the  extent  that  the  grout  forced  into  this  void 
would  be  able  to  transmit  any  part  of  them  to  the  lining.  It  it 
were  not  for  the  outer  concrete,  the  shell  would  undoubtedly  have 
buckled  right  up  under  the  hydrostatic  pressure. 

The  tunnel  bears  directly  on  the  natural  soil,  the  net  load, 
after  deducting  for  buoyancy,  per  square  foot  with  trains  on  all 
four  tracks  amounting  to  only  about  half  a  ton  pci  square  toot, 
not  including  the  weight  of  the  back-fill  on  top  ot  the  tubes ,  this 
would  add,  perhaps,  300  lbs.  per  square  foot. 

With  respect  to  settlement,  the  greatest  ever  observed  was 
1/4  inches  while  placing  the  outer  concrete.  Aftei  pumping  out 
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the  water,  no  settlement  did  occur,  as  the  weight  of  the  water 
greatly  exceeded  the  weight  of  the  lining,  tracks  and  train  loads 
combined. 

Definite  tests  of  the  seepage  in  the  tunnel  have  not  yet  been 
made.  Shortly  after  the  completion  of  the  lining  a  preliminary 
test  was  made,  which  showed  a  seepage  of  about  twenty-three 
gallons  per  hour  for  all  four  tubes,  which  aggregate  4320  feet  in 
length,  or  one  gallon  per  hour  for  every  188  lin.  feet  of  tunnel. 
As  the  tunnel  is  just  completed  this  amount  will  probably  be  con¬ 
siderably  reduced  during  the  next  six  months. 

The  cement  used  was  furnished  in  accordance  with  the 
standard  specifications  for  cement  of  the  Public  Service  Commis¬ 
sion.  They  provide  a  limit  of  1.75  percent  of  sulphuric  anhydride 
and  4  percent  of  magnesia. 

The  writer  does  not  believe  that  sea  water  has  any  deter¬ 
iorating  effect  whatever  upon  concrete  properly  mixed  and  placed, 
and  the  aggregates  properly  graded,  especially  when  buried  in  the 
bed  so  the  water  cannot  circulate  around  it.  Where  salt  water 
apparently  has  erroded  concrete,  it  has  been  between  high  and 
low  water,  when  the  destructful  action  has  been  physical  or  me¬ 
chanical  rather  than  chemical  and  the  concrete  of  poor  quality ;  to 
protect  the  tunnel  with  a  plank  covering  against  anchors  of  ves¬ 
sels  would  be  entirely  impracticable  and  also  a  useless  expense ;  an 
anchor  would  easily  rip  off  a  plank,  while  it  could  make  no  im¬ 
pression  on  a  monolithic  mass  of  concrete. 

Very  little  is  known  concerning  the  effect  of  electrolosys  on 
the  metal  in  subaqueous  tunnels.  One  thing  is  sure,  no  tunnel 
has  collapsed  for  that  reason,  although  there  are  quite  a  number 
of  them  in  existence.  The  subject  is  being  carefully  studied  by 
competent  experts  as  to  any  possible  effects  on  the  many  sub¬ 
aqueous  tunnels  in  New  York  City;  so  far  nothing  positive  has 
been  developed  to  the  writer’s  knowledge.  Means  to  eliminate  or 
minimize  such  effects  can  be  taken  probably  as  well  after  a  tunnel 
is  completed  as  during  construction. 

On  the  subject  of  greater  economy,  the  writer’s  opinion  is 
that  subaqueous  tunnels  are  not  proper  structures  for  practicing 
very  close  economy.  Here,  if  ever,  the  question  is  “safety  first.” 
To  save  in  outer  concrete  by  reducing  the  section  and  using  back- 
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fill  to  weight  it  down  will  generally  prove  false  economy,  especially 
where  it  would  have  to  be  removed  later  in  order  to  furnish  re¬ 
quired  depth  of  navigation.  Nothing  could  have  been  gained  by 
flattening  the  outer  sides  of  the  outer  tubes,  as  the  circular  form 
is  the  best  suited  to  resist  the  hydrostatic  pressure.  A  flat  wall 
would  have  required  more  steel,  possibly  more  concrete  also.  In 
the  writer’s  opinion  the  only  saving  that  could  have  been  effected, 
without  detriment  to  the  tunnel,  would  have  been  the  omission  of 
the  steel  reinforcement  of  the  lining  and  the  reduction  of  the 
thickness  of  the  latter  by  say  three  inches. 

The  safety  of  the  method  used  is  one  of  its  principal  assets, 
no  life  being  lost  either  at  the  Harlem  or  Detroit  tunnels,  due  to 
the  method  used.  One  life  was  lost  inside  the  tubes  at  Detroit  by 
the  short  circuiting  of  electric  cables.  However,  safety  is  the 
price  of  eternal  vigilance,  and  it  is  a  great  pleasure  to  join  Mr. 
Gates  in  according  credit  to  the  Superintendent,  Mr.  Melvin,  both 
in  this  respect  and  the  faultless  execution  of  the  work. 


CENTRALLY  CONTROLLED  ELECTRIC 
HAULAGE  SYSTEMS 


By  F.  E.  Woodford* 

I  am  going  to  assume  that  all  present  are  familiar  with  the 
general  methods  of  hauling  earth  or  rock  and  shall  not  go  into 
descriptions  of  cable  systems,  suspension  or  tractive,  or  try  to 
draw  pictures  of  a  noisy  little  locomotive  puffing  its  head  off  as 
it  brings  its  regular  burden  around  a  curve  or  up  a  slight  incline ; 
but  will  proceed  at  once  to  a  consideration  of  centrally  controlled 
electric  haulage  systems. 

The  system  of  haulage  I  wish  to  consider  in  detail  consists 
in  a  method  of  operating  a  multiplicity  of  cars  used  in  industrial 
haulage,  from  a  central  controlling  tower  by  remote  control,  and 
is  applicable  to  such  industrial  haulage  as  is  found  in  stone  quar¬ 
ries,  open  mines,  clay  and  gravel  pits  and  other  places  where  the 
distance  is  not  too  great  and  where  the  operation  of  the  cars  can 
be  seen  for  at  least  part  of  the  time  from  the  controlling  tower. 

The  cause  which  led  to  the  development  of  this  system  was 
a  study  of  haulage  methods  which  have  prevailed  for  a  great  many 
years  in  the  institutions  mentioned.  Where  the  tonnage  required 
it,  locomotives  have  been  used  for  industrial  haulage  almost  uni¬ 
versally.  It  is  true  that  a  few  cable  ways  have  been  installed,  but 
owing  to  the  necessity  of  track  shifting  and  other  conditions 
prevalent  in  quarries  and  open  mines,  these  systems  are  very 
rare. 

In  a  certain  locality  in  the  South  it  was  attempted  to  operate 
a  number  of  cars  over  a  circular  track  without  motormen  or 
operators  upon  the  cars.  The  cars  were  to  be  loaded  upon  one 
portion  of  the  circle  and  unloaded  at  a  fixed  point  upon  another 
part  of  the  circle.  The  cars  were  equipped  with  three-phase  in¬ 
duction  motors,  using  the  track  rails  for  one  line  and  two  other 
rails  as  “third  rails”  for  the  other  two  lines.  It  was  intended  to 
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place  a  certain  number  of  cars  upon  the  track  at  regular  distances 
apart,  starting  and  stopping  all  the  cars  at  the  same  time,  one 
being  loaded  and  the  other  being  dumped.  The  operation  was  by 
starting  switches  at  a  remote  point.  1  his  attempt  failed  com¬ 
pletely  on  account  of  the  high  starting  current  of  the  induction 
motors  and  the  enormous  overload  imposed  upon  the  generating 
plant  by  starting  all  the  units  at  the  same  time,  as  well  as  the  fact 
that  it  was  impossible  to  maintain  the  regular  positions  of  the 
cars  in  their  respective  places. 

A  partial  success  for  handling  a  smaller  amount  of  material 
than  was  intended  was  finally  accomplished  by  using  one-third 
the  original  number  of  cars  and  by  equipping  each  car  with  a 
starting  switch.  By  this  method  and  by  running  the  cars  very 
slowly,  a  man  at  the  loading  point  was  able  to  pull  the  switch  on 
a  single  car,  stopping  it  for  loading,  while  another  man  at  the 
dumping  hopper  was  able  to  do  the  same  thing. 

In  another  instance  in  the  W  est  it  was  attempted  to  install  a 
haulage  system  operated  by  remote  control,  using  direct  current 
motors  and  solenoid  brakes.  W  hile  it  was  very  easy  to  operate 
the  motors  by  remote  control,  the  brakes  failed  to  work ;  and,  as 
the  cars  were  stopped  in  one  place  only,  a  sliding  element  under 
the  cars  was  installed  at  this  point  and  operated  by  a  lever.  This 
sliding  element  was  a  retarding  device  such  as  is  commonly  used 
to  stop  cars  operated  upon  scenic  railways,  roller-coasters  and  the 
like. 

The  motors  were  started  and  stopped  like  traveling  cranes 
operated  from  another  part  of  the  building,  in  which  both  arm¬ 
ature  and  field  leads  connect  with  a  traveler  running  on  separate 
third  rails  or  feeders,  thus  supplying  the  means  of  operating  in 
both  directions,  but  compelling  the  use  of  four  separate  feeders 
for  the  entire  length  of  track. 

To  develop  a  system  of  central  control,  therefore,  which 
would  be  adaptable  to  industrial  haulage  of  all  kinds,  and  which 
could  be  installed  and  maintained  at  a  cost  not  to  exceed  that  of 
locomotive  haulage,  it  was  necessary  to  develop  apparatus  for  the 
cars  that  would  enable  them  to  perform  all  the  functions  of  the 
motor  car  with  an  operator  upon  it,  or  cars  that  could  be  oper¬ 
ated  in  both  directions  and  be  stopped  and  started  upon  any  part 
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of  the  track,  and  such  operation  be  accomplished  by  using  a  single 
third  rail,  which  could  be  placed  in  the  center  of  the  track  and 
not  be  an  encumbrance  to  track  shifting  and  track  extension. 

Considering  the  stone  quarry  as  an  example  where  probably 
the  greatest  tonnage  of  material  in  any  industry  is  handled,  we 
find  that  during  the  past  few  years  their  equipment  has  been  in¬ 
creased  in  size  and  capacity  perhaps  more  than  any  other  indus¬ 
try,  until,  at  the  present  time,  we  find  initial  crushers  that  will  take 
from  5000  to  6000  tons  of  stone  in  ten  hours.  With  the  average 
distance  from  the  quarry  to  the  plant,  this  capacity  requires  from 
twelve  to  sixteen  35-ton  locomotives  and  perhaps  seventy-five 
cars  carrying  ten  cubic  yards  each.  These  locomotives  mean  up¬ 
wards  of  500  tons  of  dead  weight  transported  over  the  track  at 
each  trip  with  the  corresponding  power  required  to  propel  them. 
This  is  in  addition  to  the  cars  and  the  product  to  be  carried. 

It  is  a  well-known  fact  that  the  draw-bar  pull  of  a  locomo¬ 
tive  is  directly  proportionate  to  its  weight,  consequently  it  will 
readily  be  seen  that  the  elimination  of  the  locomotives  and  the 
placing  of  the  load  on  top  of  the  tractive  machinery  will  very 
materially  reduce  the  power  cost  of  any  haulage  system,  regard¬ 
less  of  conditions  of  the  track,  grades  or  method  of  operation. 

With  the  system  under  consideration,  the  Woodford  system, 
all  the  cars  have  motors  of  sufficient  size  to  meet  the  conditions 
of  haulage,  and  a  minimum  amount  of  power  is  required  to  handle 
the  net  weight  of  material,  for  the  simple  reason  that  this  mate¬ 
rial  is  directly  over  the  wheels  that  propel  it. 

Locomotive  haulage  again  requires  two  men  for  each  loco¬ 
motive  and  train,  besides  some  switchmen,  or  about  thirty  men 
for  handling  such  quantities  of  stone  as  the  present  crushing 
machinery  is  able  to  take.  Labor  cost  consequently  is  greatly 
reduced  by  means  of  central  control,  where  one  man  is  able  to 
handle  all  the  cars  in  such  a  system. 

It  is  very  common  practice  in  quarries  of  this  size  for  loco¬ 
motives  to  handle  a  train  of  six  cars.  Each  car  in  the  train,  there¬ 
fore,  either  before  loading  or  after  being  loaded  must  wait  for  five 
other  cars  to  go  through  the  same  process.  This  condition  is 
repeated  where  the  cars  are  dumped  into  the  crusher.  Each  car, 
therefore,  loses  by  waiting  ten  times  the  length  of  time  required 
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for  its  own  operation.  \\  ith  tractive  power  upon  each  car,  and 
by  not  having  to  wait  at  the  loading  or  unloading  point,  practi¬ 
cally  only  one-tenth  of  the  number  of  cars  of  the  same  capacity 
are  required  as  for  locomotive  haulage,  as  each  car  makes  a  great 
many  more  trips  than  it  would  if  the  cars  were  handled  in  trains. 

These  three  factors,  reduction  in  power  cost,  reduction  in 
labor  cost  and  the  decreased  amount  of  rolling  stock,  comprise 
the  elements  that  entered  into  the  development  and  perfection  of 
a  system  of  haulage  which  can  be  operated  by  one  man. 

All  the  apparatus  required  for  operating  cars  in  this  manner 
have  become  standardized  with  us  and,  with  the  exception  of  size 
and  capacity,  are  the  same  throughout.  1  he  assembling  of  the 
apparatus  and  the  mode  of  installation  of  the  system  varies  ma¬ 
terially,  however,  with  the  different  conditions  of  haulage. 

As  a  preliminary  general  description  of  the  system  under 
consideration,  I  would  give  the  following : 

Each  car  carries  its  own  motive  power  and  control  apparatus, 
taking  current  from  a  sectionalized  third  rail,  which  allows  the 
car  to  be  started  and  stopped,  or  have  brakes  applied  at  the  will 
of  tower  operator  and  the  car  to  have  its  direction  reversed  at 
certain  fixed  points.  Control  apparatus  on  the  car  is  arranged  so 
that  as  the  car  descends  grades  the  motors  can  be  connected 
across  resistance  banks  and  the  regenerative  effect  used  for 
retardation  purposes.  The  details  of  this  apparatus  will  be  given 
later. 

The  third  rail,  which  extends  over  whole  territory  covered 
by  haulage  system,  is  divided  into  long  or  short  sections,  as  con¬ 
ditions  require,  and  an  independent  feeder  is  extended  from  the 
control  tower  to  each  section,  lower  operator  has  two  voltages, 
250  volts  and  90  volts,  which  he  can  apply  to  various  sections  of 
third  rail  at  will.  Two  hundred  and  fifty  volts  is  used  for  haulage 
purposes  and  90  volts  is  for  braking  purposes.  1  he  regular  car 

rails  are  used  as  a  return  circuit. 

The  tower  apparatus  consists  of  a  switching  mechanism  by 
means  of  which  the  tower  operator  may  put  haulage  or  braking 
voltages  on  sections  of  third  rail,  or  allow  them  to  stand  without 
applied  voltage.  In  the  tower  machine  there  are  also,  when  de¬ 
sired,  control  switches  for  operating  motor-driven  track  switches, 
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reversing  switches  and  other  special  apparatus  located  at  distant 
points  on  haulage  system. 

In  order  to  better  describe  the  operation  of  the  system  I 
would  like  to  describe  a  single  installation,  and  would  therefore 
refer  to  the  system  installed  at  the  plant  of  the  Casparis  Stone 
Company  at  Kenneth,  Indiana,  where  conditions  were  so  varied 
as  to  make  this  installation  meet  practically  all  haulage  conditions. 

The  initial  crusher  at  this  plant,  into  which  the  rock  from 
the  quarry  is  dumped  from  the  cars,  is  one  of  the  largest  jaw 
crushers  built  at  the  present  time.  Stone  is  brought  from  two 
separate  quarries  in  opposite  directions  from  the  crushing  plant, 
over  tracks  of  standard  gauge,  as  shown  in  Fig.  1.  I  hree  shovels 
are  located  in  the  two  quarries,  with  double  tracks  leading  from 
the  shovels  to  the  crushing  plant,  the  location  of  tracks  being 
determined  by  the  conditions  and  shifted  as  the  quarry  is  devel¬ 
oped.  The  track  in  the  quarry  at  one  of  the  shovels  is  approxi¬ 
mately  thirty-five  feet  below  the  track  at  the  crusher,  the  rise 
being  made  over  a  10  percent  grade  on  that  portion  of  the  track 
approaching  the  crusher. 

The  third  rail,  or  power  rail,  is  placed  between  the  two 
track  rails  and  insulated  in  the  manner  employed  in  regular  elec¬ 
tric  traction  practice.  As  stated  before,  the  track  rails  furnish  the 
return  conductor  and  are  bonded  in  the  usual  manner  for  service 
of  this  class. 

The  third  rail  is  divided  into  different  sections,  the  sections 
at  the  crusher  and  near  the  shovel  being  considerably  shorter  than 
those  of  the  rest  of  the  track.  Each  of  these  sections  is  bonded 
in  the  usual  manner  and  each  has  a  separate  feeder  connection 
with  the  controlling  tower.  The  controlling  tower  in  this  instance 
was  placed  at  the  crusher,  and  one  operator  at  this  point  is  able 
to  operate  and  dump  all  the  cars  in  the  system,  the  cars  being 
dumped  by  a  motor-driven  hoist  operated  from  the  same  tower. 

Each  car  truck,  Fig.  2,  is  fitted  with  two  railway  type,  250 
volt,  direct-current  series  motors,  mounted  upon  the  axles  and 
supported  by  suspension  springs  and  connected  with  the  axle 
through  single  reduction  gears  in  the  ordinary  manner  adopted 
by  electrical  traction  practice.  These  motors  have  their  shafts 
extended  at  the  commutator  ends  and  carry  a  specially  designed 
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Fig.  2.  Six-Yard  Car  Truck  Showing  Equipment. 

solenoid  brake,  which  is  applied  by  the  action  of  the  solenoid  and 
released  by  springs.  The  car  truck  also  carries  three  other  pieces 
of  apparatus  necessary  for  the  operation  of  the  cars  from  a  cen¬ 
tral  point.  They  are  a  bank  of  resistance,  a  double  pole  double 
throw  switch  for  reversing  the  direction  of  the  motors,  and  an 
electrical  relay  or  selector  switch.  This  selector  switch  is  a 
solenoid-operated  switch  having  two  contacts  and  two  positions. 
It  is  locked  in  its  gravity  position  with  one  contact  open  and  one 
contact  closed.  In  its  position  induced  by  the  solenoid  it  is  also 
locked,  opening  the  gravity  circuit  and  closing  the  other  circuit. 
The  solenoid  will  not  respond  to  a  voltage  lower  than  175,  but 
after  being  closed  will  hold  in  with  50  volts,  or  even  less. 

The  motors  are  operated  with  the  selector  switch  in  its 
excited  position.  The  circuit  in  the  gravity  position  is  to  the 
brake  solenoids,  and  the  relay  will  remain  locked  in  gravity  posi¬ 
tion  while  the  brakes  are  applied.  While  the  relay  is  in  the 
gravity  position  it  also  establishes  a  circuit  from  the  motors  on 
the  car  to  the  bank  of  resistance  which  the  car  carries.  This  re¬ 
sistance  is  adjusted  to  dissipate  the  current  generated  by  the 
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motors  running  as  generators  while  the  car  is  traveling  down  a 
grade,  thus  furnishing  a  dynamic  brake  for  the  cars  which  is  not 
under  the  control  of  the  operator.  1  his  feature  forms  a  safet\ 
device  should  the  circuit  breaker  go  out  while  the  car  is  ascend¬ 
ing  the  grade,  as  upon  circuit  breaker  opening  the  car  will  merely 
coast  back  down  hill  at  a  not  excessive  speed.  While  the  oper¬ 
ator  has  control  of  the  brakes  at  all  times,  this  feature  also  relieves 
him  of  governing  or  speeding  the  car  while  it  is  traveling  down 
the  grade.  This  feature  renders  the  system  semi-automatic,  ar¬ 
ranging  its  operation  so  that  it  is  necessary  for  the  operator  to 
give  very  little  attention  to  the  running  of  the  cars  except  where 
they  are  stopped  for  the  loading  or  unloading. 

Each  section  of  third  rail  is  excited  separately  by  the  con¬ 
trolling  mechanism  through  master  control.  The  controlling 
system  consists  of  ordinary  magnet  switches  with  magnetic  blow¬ 
outs,  a  bank  of  distributing  switches  and  controlling  levers,  assem¬ 
bled  in  units  of  three  and  four  levers  each.  The  lever  is  off  in  its 
central  position.  The  forward  arc  controls  the  motors  through 
the  contactors,  that  section  of  third  rail  being  excited  as  the  mag¬ 
netic  switches  close  through  resistance  which  is  placed  at  the  con¬ 
trolling  point.  A  dash  pot  switch  is  operated  by  the  controller 
lever,  through  the  arc  of  motor  control,  in  such  a  manner  as  to 
open  all  the  magnet  switches  by  a  backward  movement  of  the  con¬ 
troller  lever  from  any  control  point.  The  backward  movement  of 
the  lever  from  its  central  position  is  through  the  arc  of  brake 
control  and  excites  the  same  section  of  third  rail  directly  through 
resistance,  giving  a  range  of  from  thirty  to  a  hundred  volts. 

These  excitations  from  the  same  lever  are  conducted  to  the 
third  rail  feeder  through  a  bank  of  distributing  switches  which 
consist  of  a  certain  number  of  hand-operated  switches,  one  switch 
for  each  section  of  third  rail.  Thus,  from  the  central  controlling 
tower,  placed  at  any  convenient  position,  we  are  able  to  excite  any 
section  of  third  rail  with  a  voltage  ranging  from  30  to  100  for 
controlling  the  brakes,  as  well  as  with  the  starting  and  running 
current  for  the  motors.  An  interior  view  of  the  controlling  tower 

is  shown  in  Fig.  3. 

A  reversing  switch  is  placed  on  the  car  so  that  it  is  operated 
by  a  lever  protruding  from  the  side  of  the  truck  in  such  a  manner 
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Fig.  3.  Portion  of  Interior  Controlling  Tower. 


as  to  engage  track  cams  placed  at  desired  locations  along  the  track. 
These  track  cams  are  stationary  forgings  so  formed  as  to  throw 
the  lever  in  the  proper  position  and  placed  beside  the  track  at  a 
track  switch  where  all  the  cars  are  to  be  reversed.  At  points 
along  the  track  where  it  is  necessary  for  only  part  of  the  cars  to 
be  reversed  this  reversing  cam  consists  of  forgings  and  levers 
having  two  positions  and  operated  by  a  solenoid.  Should  it  be 
necessary  to  reverse  the  car,  this  solenoid  is  excited  from  the 
tower  by  a  foot  switch.  It  will  readily  be  seen  that  by  this  method 
operation  in  any  manner  to  meet  any  conditions  may  be  accom¬ 
plished,  and  with  track  cams  at  the  top  of  all  grades  it  is  impos¬ 
sible  for  a  car  to  enter  upon  that  grade  without  the  reversing 
switch  and  selector  switch  being  in  the  proper  position  to  cause 
the  motors  to  generate  current  as  they  are  propelled  by  the 
momentum  of  the  car,  and  furnishing  the  dynamic  brake,  main¬ 
taining  a  fixed  speed  at  all  times. 

At  the  dumping  hopper  or  crusher  another  form  of  reversing 
cam  has  been  adopted,  which  is  thrown  into  different  positions 
by  a  motor-driven  movement.  This  cam  carries  parallel  bars 
some  ten  or  twelve  feet  in  length  between  which  the  reversing 
lever  of  the  car  passes  so  that  the  car  may  be  spotted  in  any 
particular  position  for  dumping,  arriving  from  either  direction 
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Fig.  4.  Car  Dump  Operated  from  Tower. 

and  leaving  in  either  direction.  This  motor-driven  cam  is  also 
operated  by  push-button  switches  from  the  tower. 

The  dumping  device,  Fig.  4,  consists  of  a  motor-driven  hoist 
turning  a  cam  shaft,  the  cams  of  which  are  connected  through 
chains  to  an  I-beam  carrying  two  hooks  which  engage  the  side  of 
the  car  as  they  are  drawn  up  by  the  hoist,  and  this  is  operated 
from  the  tower  through  master  control  with  limit  stops,  limiting 
its  run  in  either  direction,  and  requiring  the  operator  simply  to 
start  it  in  either  direction. 

The  elements  described  above,  together  with  centrally  con¬ 
trolled,  electrically  operated  track  switches,  with  which  all  are 
familiar,  render  this  system  of  control  sufficiently  flexible  to  meet 
any  and  all  conditions  and  brings  its  operating  levers  within  the 
reach  of  a  single  man.  A  car  may  be  switched  to  any  track ;  may 
be  run  into  a  passing  track  from  the  main  line;  may  be  stopped 
and  started  from  any  point  and,  in  fact,  operated  in  the  same 
manner  as  though  there  were  a  motorman  upon  each  car. 

The  design  of  a  car  to  carry  this  apparatus  is  not  materially 
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different  than  the  standard  construction  of  dump  cars  to  which 
in  many  cases  the  motors  and  other  apparatus  have  been  applied. 
But  to  meet  the  conditions  of  increased  capacity  in  the  larger 
stone  quarries,  it  has  been  found  necessary  to  have  a  car  of  very 
heavy  design  to  withstand  the  service  imposed  upon  it  in  trans¬ 
porting  the  large  pieces  of  rock  that  the  modern  shovel  and 
crusher  are  capable  of  handling.  The  development  of  cars  to  meet 
these  conditions,  therefore,  has  been  prompted  by  the  demand  of 
the  service  to  which  they  are  subjected  far  more  than  making  them 
adaptable  to  the  apparatus  they  carry.  The  trucks  are  now  built 
very  heavy  and  rigid,  with  the  journal  box  springs  of  extra 
length.  A  rigid  structural  steel  frame  carries  the  automatic 
apparatus  and  supplies  the  supports  for  the  motor  suspension. 
The  frame  also  has  spring  pockets  on  each  side  carrying  an  equal 
number  of  springs  of  the  same  size  as  the  journal  springs  which 
carry  this  frame.  The  material  box  is  built  on  top  of  the  struc¬ 
tural  steel  frame  which  rests  on  top  of  the  springs.  This  has  been 
found  to  be  the  only  successful  type  of  construction  for  a  car 
used  in  this  service,  whether  it  is  to  be  propelled  by  motors  upon 
the  car  or  hauled  in  a  train,  and,  of  course,  it  is  very  desirable  to; 
have  a  substantial  car  as  a  protection  for  the  motors  and  other 
apparatus. 

In  the  operation  of  a  steam  shovel  and  cars  of  a  size  adapted 
to  the  shovel  capacity,  it  has  been  found  that  four  cars  will  serve 
a  shovel  at  a  distance  of  half  a  mile  from  the  crushing  plant  and 
keep  the  shovel  in  continuous  operation.  This  means  a  great 
reduction  from  the  number  of  cars  that  would  be  required  for 
locomotive  or  train  haulage.  It  will  also  be  seen  that  the  con¬ 
trolling  levers  and  mechanisms  are  not  a  multiple  of  the  car  units, 
but  are  rather  in  proportion  to  the  amount  of  track  and  the  condi¬ 
tions  of  operation.  With  a  sufficient  amount  of  controlling  appa¬ 
ratus,  therefore,  changes  and  extensions  of  track  may  be  made 
without  any  other  change  in  the  system  whatever,  and  an  increase 
in  haulage  capacity  may  be  accomplished  by  simply  adding  cars  to 
the  system.  This  feature  renders  the  system  adaptable  to  what¬ 
ever  conditions  may  arise  and  renders  available  the  use  of  short 
tracks  and  spurs  that  cannot  be  entered  by  more  than  one  car  at 
a  time. 
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Fig.  5.  Empty  Cars  Leaving  Plant  and  Approaching  Shovel. 
Loaded  Car  Approaching  Plant. 

Casparis  Stone  Company,  Kenneth,  Ind. 


Fig.  6.  Pit  Man  Starting  Car  for  Loading. 
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It  has  also  been  found  that  the  capacity  of  the  steam  shovel 
is  materially  increased  by  supplying  cars  individually,  keeping  a 
succession  of  cars  approaching  the  shovel  and  enabling  the  shovel 
to  operate  without  waiting  for  a  train  to  be  pulled  out  and  another 
pulled  in,  as  shown  in  Figs.  5  and  6. 

The  power  cost,  of  course,  depends  directly  upon  the  ton¬ 
nage,  the  distance  from  the  shovels  to  the  crusher  and  the  vertical 
elevation  of  the  crusher  above  the  quarry  floor.  These  three  items 
being  different  in  all  cases,  it  has  been  impossible  to  obtain  an 
exact  power  cost  that  would  be  useful  in  a  general  way.  The 
power  cost  for  each  proposition,  therefore,  must  be  computed 
individually.  But  on  account  of  the  power  cost  being  a  very  low 
item,  and  the  fact  that  the  labor  cost  of  operation  is  the  same  in 
all  instances,  it  has  been  found  that  a  fair  average  for  operation 
and  up-keep  of  the  haulage  system  is  not  over  one-half  cent  per 
ton  mile  in  all  except  very  small  installations.  A  typical  condition 
is  shown  in  Fig.  7. 

The  up-keep  of  the  cars  and  apparatus  has  been  found  to  be 
less  than  that  of  locomotives  and  cars  for  an  equal  amount  of 
haulage,  and  the  water  tanks,  coal  bunkers,  water  connections  and 
night  watchmen,  which  are  common  in  a  stone  quarry  equipped 
with  locomotive  haulage,  have  all  been  eliminated. 

The  installation  cost  compared  with  that  of  locomotive  haul¬ 
age  has  been  found  to  be  practically  equal  with  a  capacity  of  3000 
tons  in  ten  hours.  For  smaller  capacities  the  installation  cost  of 
an  electric  haulage  system  has  been  found  to  increase  gradually 
above  that  of  locomotive  haulage,  while  above  3000  tons  capacity 
it  has  been  found  to  be  somewhat  less.  This,  of  course,  is  in  cases 
of  locomotive  haulage  using  cars  of  equal  durability  and  equal 
weight,  and  while  most  of  the  locomotive  systems  in  use  at  the 
present  time  are  operating  with  cars  of  lighter  construction,  the 
up-keep  of  these  light  cars  is  very  much  greater. 

So  with  a  capacity  of  3000  tons,  which  is  a  fair  average  for 
all  modern  quarries  being  built  at  the  present  time,  we  have  in 
favor  of  central  control,  an  equal  installation  cost  with  locomo¬ 
tives  and  considerable  reduction  in  power  cost,  an  equal  item  of 
up-keep  and  a  very  marked  reduction  in  the  labor  cost  of  opera¬ 
tion.  The  “safety  first”  principle  is  embodied  in  the  fact  that 
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Fig.  7.  View  from  Quarry  Showing  Loaded  Car  Ascending 

6  Percent  Grade. 

Empty  Car  Returning  to  Shovel. 

Dolese  &  Shepard  Company,  Gary,  Ill. 

there  are  no  men  around  the  cars  while  loading  or  unloading,  and 
it  is  not  necessary  for  laborers  to  be  on  or  near  the  tracks  at  any 
time  when  the  system  is  in  operation.  And  the  flexibility  of 
handling  material  while  the  shovel  is  in  an  end  cut  and  such  parts 
of  the  quarry  as  are  otherwise  wasted  from  their  being  inaccessi¬ 
ble  by  a  locomotive  and  train,  furnishes  the  last  of  many  argu¬ 
ments  in  favor  of  industrial  haulage  operated  by  central  control. 


598  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 


CORRESPONDENCE 

Mr.  O.  P.  Chamberlain  :*  Having  been  in  charge  of  the 
operation  of  the  Woodford  haulage  system  installed  at  our  plant 
at  Gary,  Ill.,  sixteen  miles  west  of  Chicago,  in  1910,  I  have  read 
Mr.  Woodford’s  paper  with  interest.  The  system  at  our  plant 
has  been  operated  to  handle  upwards  of  4000  tons  of  quarried 
rock  to  our  crusher,  the  largest  day’s  production  in  1912  having 
been  over  7000  tons.  The  plant  today  after  five  years’  continu¬ 
ous  service  is  efficient. 

We  use  15-ton  cars  equipped  with  the  250-volt  railway  type 
D.  C.  motors  referred  to  in  Mr.  Woodford’s  paper.  Since  the 
installation  of  the  system  at  our  plant  we  have  made  some  changes 
which  experience  showed  to  be  necessary,  the  principal  one  being 
materially  increasing  the  weight  of  our  cars  from  the  axles  up. 
The  electrical  equipment  has  in  general  been  satisfactory,  but  in 
the  original  design  of  the  cars  the  severe  service  to  which  they  are 
subjected  was  not  appreciated  and  they  were  built  too  light 
throughout. 

In  the  installation  of  a  new  plant  the  writer  suggests  that  the 
sections  be  made  short  and  numerous  so  that  as  the  quarry  de¬ 
velops  these  sections  may  be  lengthened  without  changing  the  con¬ 
trollers  in  the  central  tower. 

Lack  of  time  has  prevented  me  from  taking  up  in  detail  the 
cost  per  ton  mile  for  maintenance  of  our  haulage  system,  though 
I  am  satisfied  as  now  developed  our  rate  of  maintenance  is  lower 
than  for  steam  locomotive  operated  plants. 

The  cost  of  operation  depends,  of  course,  upon  the  cost  of 
current  production,  and  will  vary  greatly,  depending  on  the  source 
of  current  supply.  Our  current  is  purchased  from  the  Public 
Service  Company  of  Northern  Illinois  and  its  cost  for  the  past  two 
years  has  averaged  2.65  cents  per  kilowatt  hour.  We  have  con¬ 
sidered  as  a  possible  future  installation  a  steam  turbine  gener¬ 
ating  plant  by  which  this  cost  can  be  reduced  to  from  1.75  to  2.00 
cents  per  kilowatt  hour. 

In  these  days  of  the  adoption  of  “safety  first”  as  the  slogan 
of  our  great  corporations  the  Woodford  system  should  be  highly 

♦Vice-President,  Dolese  &  Shepard  Co.,  Chicago. 
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commended  both  as  humanitarian  and,  under  our  present  com¬ 
pensation  laws,  an  economy.  During  our  operation  with  this  sys¬ 
tem  for  five  years  we  have  had  but  one  serious  accident  in  connec¬ 
tion  with  the  haulage  system,  and  we  have  succeeded  in  securing  a 
reduction  in  our  casualty  insurance  rate  each  year  for  the  past 
three  years,  and  this  in  the  same  casualty  company  that  has  car¬ 
ried  our  insurance  for  the  past  ten  years.  This  is  a  practical 
application  of  “safety  first”  methods  for  which  at  least  in  part 
credit  must  be  given  to  the  Woodford  system. 

Mr.  Preston  K.  Yates  :*  This  paper  is  exceedingly  inter¬ 
esting  and  should  commend  itself  to  all  having  the  handling  of 
large  quantities  of  material  for  transportation,  especially  in  a 
quarry  where  steam  shovels  are  used.  The  paper  is  particularly 
interesting  to  me,  as  my  work  for  the  past  few  years  has  been  in 
quarry  development,  the  designing  and  erection  of  stone-crushing 
plants. 

If  one  times  the  actual  operation  of  a  steam  shovel  in  rock 
work  it  will  be  found  that  the  shovel  is  not  working  much  over 
half  the  time  and  the  cause  is  due  to  the  lack  of  cars  at  the  shovel. 
Generally  speaking,  where  three  steam  shovels  are  at  work  the 
entire  output  could  be  handled  with  two  shovels  with  a  proper 
adjustment  of  tracks  to  keep  the  cars  at  the  shovel. 

It  might  be  said  that  if  the  same  track  system  used  for  the 
electric  haulage  were  used  for  the  locomotive  or  train  system 
there  would  be  no  delay  for  cars  at  the  shovel.  This  is  true,  as 
with  a  locomotive  on  fairly  light  grades  a  train  of  ten  cars  with 
twelve  tons  of  stone  each  could  be  handled.  It  would  require 
twenty  minutes  to  load  this  train,  considering  the  time  consumed 
in  moving  up  the  shovel;  we  have  then  a  delay  of  eighteen  min¬ 
utes  to  each  car  during  the  loading  of  the  train  and,  considering 
that  the  crushing  plant  has  a  capacity  of  3600  tons  per  day,  it 
would  require  twenty  minutes  to  unload  this  train.  This  causes 
another  delay  of  eighteen  minutes  to  each  car,  or  a  total  delay  of 
thirty-six  minutes  to  each  car  each  trip.  It  is  fair  to  presume 
that  the  time  consumed  in  making  the  trip  to  and  from  the  crusher 
is  the  same  with  either  system.  This  is  not  making  very  good  use 
of  the  rolling  stock,  as  the  delay  is  to  the  locomotive  as  well  as 

•Consulting  Engineer,  Equitable  Building,  New  York. 
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the  cars,  though  the  locomotive  is  used  to  place  the  cars  at  the 
shovel. 

I  have  mentioned  the  most  favorable  case  for  the  locomotive, 
as  most  crusher  plants  have  grades  over  6-percent  to  overcome, 
and  that  means  more  cars  as  well  as  locomotives  and  generally 
another  system  in  connection  to  overcome  the  grades.  This  re¬ 
quires  more  plant  and  labor.. 

It  seems  quite  evident  that  if  the  cost  of  the  installation  of 
electric  haulage  is  no  greater  than  the  train  system  there  would 
be  greater  efficiency  in  the  entire  plant  and  less  maintenance  of 
cars.  A  distinct  advantage  of  the  electric  system  is  the  uniform 
delivery  to  the  crusher,  which  greatly  increases  the  output  of  the 
plant. 

In  a  quarry  I  recently  opened  in  Connecticut  there  was  a 
quarry  face  of  3000  ft.  long  and  a  downgrade  of  2^4  percent  to 
the  crusher  for  a  distance  of  3600  ft.  This  was  an  ideal  location 
for  the  electric  system,  but  the  fact  that  the  contractor  had  a 
large  number  of  locomotives  and  cars  on  hand  prohibited  its  use 
for  some  time. 

Crusher  plants  are  being  constructed  in  large  units  and  the 
transportation  of  the  material  should  receive  greater  attention. 
To  give  some  idea  of  the  size  of  crusher  plants,  I  will  cite  two  with 
which  I  have  been  connected :  One  crusher  will  take  a  stone 
weighing  ten  tons,  regardless  of  its  shape,  and  reduce  to  a  size  of 
twelve  inches ;  another  will  crush  800  tons  per  hour,  and  the  mill 
is  capable  of  handling  that  amount  continuously. 

I  might  add  that  I  have  never  used  this  system  in  a  quarry, 
or  have  I  ever  met  any  one  connected  with  the  electric  system. 
I  have,  however,  visited  plants  using  the  system  and  am  satisfied 
that  it  is  the  proper  one  to  use  in  plants  where  it  can  be  intro¬ 
duced. 


DISCUSSION — ELECTRIC  HAULAGE  SYSTEMS 


601 


DISCUSSION 

Mr.  George  W.  Patnoe:*  After  hearing  Mr.  Woodford’s 
paper  I  do  not  think  there  is  much  for  me  to  say,  only  to  give  you 
briefly  my  experience  in  operating  this  system  for  the  last  six  or 
seven  years. 

In  1909  it  became  necessary  for  me  to  devise  some  means  to 
furnish  stone  to  the  largest  stone  crusher  that  had  been  built  up 
to  that  time,  from  a  quarry  that  was  seventy  feet  below  the  top 
of  the  crusher  and  located  very  close  to  the  plant.  Up  to  that 
time  we  had  hauled  small  cars,  not  to  exceed  four  tons  per  car. 
with  a  cable.  \\  e  had  further  familiarized  ourselves  with  what 
it  was  possible  to  accomplish  with  that  system. 

\\  e  then  took  up  the  question  of  locomotive  haulage.  The 
elevation  being  so  great,  and  the  distance  we  had  to  attain  it  in 
being  so  limited,  we  found  that  it  would  be  necessarv  to  employ 
very  heavy  locomotives.  Of  course,  the  locomotive  manufac¬ 
turers  said  this  was  possible ;  they  did  not,  however,  take  into 
account  the  question  of  maintenance  of  the  tracks,  which  have  to 
be  frequently  moved  and  are  on  temporary  ballast  or  foundation. 

\\  e  then  considered  electrically  operated  hoists.  After  figur¬ 
ing  the  speed  at  which  we  could  run  them,  and  the  delays  in  get¬ 
ting  the  cars  to  and  from  the  crusher,  we  came  to  the  conclusion 
that  we  could  not  supply  them  fast  enough  for  the  capacity  of 
the  crusher,  which  is  in  the  neighborhood  of  600  to  TOO  tons 
per  hour. 

At  that  time  Mr.  \\  oodford  asked  us  to  consider  the  installa¬ 
tion  of  an  electric  haulage  system. 

We  investigated  the  system  and  concluded  to  install  it,  but 
under-estimated  the  capacity  of  the  equipment.  We  installed 
twenty-five  10-yard  cars  to  supply  a  plant  that  was  producing 
from  600  to  TOO  tons  per  hour.  We  have  never  used  over  two- 
thirds  of  the  equipment.  Of  course,  with  this  equipment,  like  all 
other  equipments  brought  out,  we  had  to  do  some  remodeling,  but 
very  little.  To  my  knowledge,  while  I  operated  that  plant,  from 
the  time  it  started  it  never  shut  down. 

♦General  Manager.  The  Holran  Stone  Co.,  Maple  Grove,  Ohio. 
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I  afterwards  became  associated  with  a  company  in  North¬ 
western  Ohio.  When  I  took  over  the  management  of  this  plant 
they  were  using  locomotives.  We  had  two  steam  shovels  and 
three  locomotives,  with  thirty-five  4-yard  cars.  It  kept  that  equip¬ 
ment  very  busy  to  supply  an  output  of  1500  to  1800  tons  per  day. 
We  installed  the  Woodford  system  with  ten  6-yard  cars.  They 
would  be  loaded  with  seven,  and  sometimes  eight  yards.  Six  of 
these  cars  supply  this  plant  at  an  average  output  of  2500  tons  in 
ten  hours.  It  would  take  at  least  three  locomotives  and  from 
thirty-five  to  forty  6-yard  cars  to  do  the  same  work  we  are  now 
getting  done  with  a  centrally  controlled  electric  haulage  system. 
The  work  of  haulage  of  this  stone  to  and  from  a  quarry,  a  mile 
haul  each  trip,  is  all  accomplished  with  two  operators,  and  there 
is  an  elevation  from  the  crusher  to  the  bottom  of  the  quarry  of 
forty  feet. 

It  is  not  now  a  question  of  getting  the  stone  to  the  crusher, 
but  of  stone  going  through  the  crusher  into  the  railroad  cars.  This 
equipment  has  50  percent  greater  capacity,  and  the  cost  of  labor 
is  not  25  percent  what  it  would  be  with  locomotives.  In  fact,  it 
would  be  an  impossibility  for  locomotives  to  serve  the  plant  in 
the  same  way  it  is  now  being  served. 

I  have  operated  this  electric  equipment  for  the  last  six  years 
or  more  and  would  not  consider  a  plant  complete  without  it.  It 
is  more  economical  in  every  way :  first  cost,  cost  of  operation, 
cost  of  maintenance ;  and  the  convenience  of  having  the  power 
plant  centrally  located  under  one  roof  is  very  worth  while.  Any¬ 
one  who  has  not  tried  to  operate  a  stone  quarry  in  the  winter  with 
small  locomotives  would  not  appreciate  the  electric  system  as 
much  as  those  who  have  had  to  take  care  of  small  boilers  exposed 
to  freezing  weather.  As  a  general  rule,  in  stone  quarries  it  is 
impossible  to  bury  the  water  lines. 

A  steam  shovel  loading  single  cars  has  a  capacity  at  least 
15  percent  greater  than  when  the  cars  are  placed  in  trains  by 
locomotives.  The  reason  is  that  a  train  of  cars  placed  opposite  a 
steam  shovel  is  parallel  to  the  stock  pile.  In  moving  the  dipper 
against  the  stone  there  is  a  tendency  to  crowd  the  stone  out  onto 
the  track.  If  a  large  piece  of  stone  is  crowded  too  close  to  the 
track,  it  becomes  necessary  to  separate  the  cars  in  order  to  give 
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the  shovel  an  opportunity  to  pull  the  stone  back,  as  the  stones 
are  often  too  large  to  be  moved  by  hand.  This  sometimes  causes 
a  delay  of  from  fifteen  to  twenty  minutes.  In  loading  cars  that 
are  moved  in  single  units,  the  car  is  opposite  the  mast  of  the 
shovel,  leaving  the  front  of  the  shovel  free  and  giving  full  swing 
to  the  dipper.  In  case  stone  are  moved  onto  the  track,  the  oper¬ 
ator  can  move  it  off  again  without  delay,  which  increases  the 
capacity  of  the  shovel. 

Another  feature  that  makes  it  more  convenient  is  that  in  the 
source  of  power  there  is  a  greater  number  of  units.  If  one  is 
disabled,  the  chances  are  that  there  is  another  to  take  its  place. 
The  plant  is  not  liable  to  as  much  delay  as  if  it  were  depending 
on  two  or  three  locomotives. 

When  I  figured  putting  in  the  plant  I  am  now  operating  I 
found  there  was  a  difference  of  about  $800  in  favor  of  locomotive 
haulage,  provided  I  did  not  get  an  extra  locomotive.  If  an  extra 
locomotive  were  provided,  which  would  be  necessary  in  order  to 
keep  the  plant  operating  to  its  fullest  capacity,  the  electric  haulage 
was  at  least  $3000  cheaper  than  the  steam  equipment,  not  taking 
into  account  the  difference  in  the  cost  of  operation.  The  cost  of 
operating  the  electrical  equipment  is  only  about  25  percent  of  the 
cost  of  operating  a  steam-haulage  system. 

While  I  speak  of  this  haulage  system  as  used  in  stone  quar¬ 
ries,  I  do  not  desire  to  limit  its  usefulness,  as  it  is  applicable  for 
any  haulage  system  within  a  reasonable  distance,  such  as  gravel 
pits,  clay  pits,  iron  ore,  etc. 

Mr.  W.  R.  Casparis  :*  Mr.  Woodford  has  given  a  short  his¬ 
tory  of  the  development  of  centrally  controlled  haulage  systems, 
and  I  will  therefore  take  up  the  discussion  from  the  standpoint 
of  an  operator. 

In  September,  1914,  The  Casparis  Stone  Co.  put  into  opera¬ 
tion  a  new  plant  at  Kenneth,  Indiana,  equipped  with  The  Wood¬ 
ford  Engineering  Co.’s  system  of  centrally  controlled  electric  haul¬ 
age.  The  system,  as  installed  by  us,  consists  of  one  250  k.  v.  a. 
motor  generator  set,  switchboard,  and  enough  control  switches 
and  panels  to  take  care  of  future  developments  of  the  quarry  for 


♦Assistant  to  President,  The  Casparis  Stone  Company,  Columbus.  Ohio. 
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some  years  to  come.  There  are  also  eight  10-yard  cars,  each 
equipped  with  two  35  h.  p.  railway  type  motors.  These  cars  oper¬ 
ate  as  individual  units,  receiving  their  power  from  a  third  rail.  In 
turn,  the  third  rail  is  laid  in  a  series  of  sections,  each  section  having 
a  separate  lead  wire  to  it  and  a  control  switch.  In  addition  to  the 
sections  controlled  from  the  main,  or  central  tower,  there  are  so 
called  “loading  sections”  at  each  of  the  three  steam  shovels.  These 
loading  sections  are  controlled  by  a  separate  switch  placed  on  the 
side  of  the  shovels,  thus  enabling  a  car  to  be  “spotted,”  or  placed 
properly  for  loading.  The  loading  sections  cannot  be  controlled 
by  the  operator  in  the  central  tower.  As  soon  as  a  car  arrives  at 
the  steam  shovel  it  is  placed  for  loading,  and  when  filled,  the  man 
at  the  shovel  control  switch  starts  the  car  forward,  from  which 
time  on  until  the  car  returns  for  another  load  it  is  entirely  under 
the  management  of  the  operator  in  the  central  control  tower.  This 
tower  is  located  in  the  crusher  building,  and  in  such  a  position  that 
the  operator  can  see  practically  all  points  of  the  quarry,  and  also 
the  dumping  of  the  cars  into  the  crusher. 

Our  quarry  has  always  presented  a  serious  problem  in  laying 
tracks,  owing  to  the  irregular  formation  of  the  stone.  We  have 
found,  since  using  this  system,  our  troubles  along  this  line  have 
been  reduced  to  the  minimum.  By  the  use  of  single  cars  the 
curves  may  be  much  shorter,  and  the  grades  much  more  severe, 
with  less  danger  of  derailment.  In  opening  up  the  quarry  we  had 
a  number  of  butt-end  cuts  to  make  with  the  steam  shovels,  which 
one  can  readily  see  would  have  been  very  expensive  to  make  with 
locomotive  and  cars. 

The  maintenance  of  this  electrical  equipment  is  very  much 
less  than  that  required  by  locomotives.  I  have  no  accurate  figures 
compiled  on  this  phase  of  the  discussion,  but  uphold  my  statement 
by  the  following  facts : 

Wherever  there  is  a  limestone  deposit  the  water  at  that  place 
is  very  injurious  to  boilers,  and  the  maintenance  of  our  locomo¬ 
tives  and  plant  boilers  is  one  of  the  hardest  problems  with  which 
we  have  to  cope,  oftentimes  necessitating  the  installation  of  large 
and  expensive  water  softening  plants. 

Not  only  are  the  locomotives  and  their  boilers  in  need  of  con¬ 
stant  repair  but  also  the  cars,  which  under  the  heavy  strain  of 
steam  shovel  work  are  often  in  the  shop.  The  cars  used  in  con- 
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nection  with  electric  haulage  can  he  made  much  heavier  and 
higher,  and  therefore  better  able  to  stand  the  loading  of  large 
stone.  The  electric  haulage  cars  have  a  heavy  under-framing  of 
steel ;  the  beds  are  made  of  5-inch  oak,  lined  with  steel  rails.  The 
weight  of  these  cars  complete  is  approximately  18  tons,  which  is 
half  the  weight  of  the  average  locomotive  used  in  quarries 
equipped  with  standard  gauge  tracks. 

In  closing,  I  give  the  following  reasons  why  I  personally 
favor  electric  haulage  where  the  conditions  are  permanent,  such  as 
a  stone  quarry,  brick  plant,  etc. 

First :  The  great  saving  of  men  and  labor. 

Second :  The  steep  grades  which  this  class  of  equipment  can 
easily  negotiate.  It  is  not  an  uncommon  thing  for  us  to  operate 
a  car  over  6  to  10  percent  grades. 

Third :  The  rapidity  with  which  the  cars  operate  over  fair, 
and  even  bad,  track,  owing  to  the  spring  construction,  and  having 
only  four  wheels,  they  quickly  equalize. 

Fourth:  The  electric  haulage  affords  the  maximum  move¬ 
ment  of  material  with  a  minimum  amount  of  equipment.  The 
eight  cars  we  have  in  operation  are  capable  of  hauling  3000  tons 
of  stone  in  10  hours. 

Fifth :  The  comparative  ease  with  which  electric  haulage  is 
operated,  as  there  are  no  locomotives  to  coal,  water,  and  watch  at 
night. 

Mr.  Woodford  has  perfected  an  electric  haulage  system  for 
which  he  cannot  be  given  too  much  credit  and  recognition.  \\  hen 
one  sees  a  number  of  cars,  all  under  control,  yet  no  one  near  them, 
running  around,  he  cannot  but  help  marvel  at  such  ingenuity. 

Mr.  Samuel  E.  Duff:  Are  all  parts  of  the  system  in  sight 
of  the  operator? 

The  Author:  Very  few  systems  are  in  operation  where 
the  cars  are  in  full  view  of  the  operator  during  the  entire  trip,  as 
the  position  of  the  cars  may  be  indicated  by  a  signal  system. 

Mr.  Blank:  Is  the  position  of  each  car  indicated  at  the 
tower  ? 
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The  Author:  The  position  of  each  car  at  any  time  may  be 
indicated  at  the  tower  if  it  is  so  desired,  and  this  indication  may 
be  accomplished  by  any  standard  signal  system  such  as  is  used 
in  regular  railway  practice.  As  complete  a  signal  system  as  this, 
however,  is  not  necessary  with  such  a  haulage  system,  for  the 
reason  that  the  cars  run  in  regular  order ;  that  is,  in  routine.  Cars 
leave  the  shovel  and  leave  the  plant  at  comparatively  regular 
intervals,  owing  to  the  fact  that  the  time  required  for  loading 
and  dumping  of  each  car  is  practically  the  same.  A  loaded  car 
leaving  the  shovel  will  be  at  least  one  thousand  feet  on  its  trip 
towards  the  crusher  by  the  time  the  next  car  is  loaded,  and  in 
considering  operation  over  double  tracks  it  is  not  necessary  to 
indicate  the  position  of  any  car  even  though  it  is  not  in  view  of 
the  operator. 

Considering  a  single  track  with  a  turn-out  or  passing  track, 
and  considering  this  passing  track  at  a  point  not  in  view  of  the 
operator,  it  is  necessary  to  have  a  signal  system  which  will  indi¬ 
cate  a  car  entering  this  passing  track  from  either  direction.  By 
this  method  haulage  over  a  single  track  with  passing  tracks  may 
be  accomplished  without  the  operator  actually  seeing  the  cars. 

In  conjunction  with  such  a  signal  system  in  certain  installa¬ 
tions  automatic  apparatus  has  been  installed  which  will  apply  the 
brakes  upon  a  car  entering  the  turn-out  from  either  direction,  and 
hold  the  brakes  applied  on  this  car  until  the  turn-out  is  entered 
by  a  car  coming  from  the  other  direction.  At  a  time  when  both 
cars  are  in  the  passing  tracks  and  within  clearing  distance,  this 
automatic  apparatus  will  release  the  brakes  and  start  both  cars, 
passing  them  automatically. 

Mr.  Blank  :  At  what  speed  do  the  cars  run  ? 

The  Author:  At  a  speed  varying  from  six  to  twenty  miles 
per  hour.  Over  a  good  track  an  empty  car  travels  towards  the 
shovel  at  about  twenty  miles  per  hour ;  but  as  there  are  usually 
portions  of  the  track  where  this  speed  would  be  dangerous,  the 
operator,  having  control  over  the  speed  at  all  times,  can  govern 
this  speed  at  will,  or  he  can  entirely  cut  out  certain  sections  of  the 
third  rail,  allowing  the  car  to  coast  over  these  portions  of  the 


DISCUSSION — ELECTRIC  HAULAGE  SYSTEMS  001 

track,  thus  automatically  lessening  its  speed  and  relieving  him 
from  giving  each  car  individual  attention. 

Mr.  Blank:  Is  that  loose  section  of  the  track  energized  as 
the  car  approaches  it? 

The  Author:  It  is  not  energized  automatically,  but  by  the 
controlling  mechanism  from  the  tower;  and  where  the  service  is 
regular,  as  it  usually  is  in  all  industrial  haulage,  the  operator  is 
able  to  set  his  switches  and  levers  which  apply  on  a  large  portion 
of  the  track  so  as  to  accomplish  any  desirable  speed  through  any 
portion  of  the  trip. 

Mr.  Samuel  E.  Duff  :  Does  the  car  strike  the  cam  shown 
in  one  of  the  lantern  slides? 

The  Author:  This  reversing  cam  is  shown  in  its  normal 
position,  and  it  is  placed  at  a  point  along  the  track,  generally 
single-track  operation,  where  it  is  necessary  for  one  car  to  be 
stopped  and  reversed  and  another  car  to  pass  on  in  the  same 
direction.  In  the  position  shown  the  car  will  pass  on  in  the 
same  direction  without  being  reversed.  By  the  operator  pressing 
down  the  foot  switch  the  solenoid  of  this  apparatus  places  its 
sliding  mechanism  in  such  a  position  that  the  car  will  be  reversed 
by  its  reversing  lever  sliding  over  that  portion  of  its  mechanism, 
which  is  arranged  to  reverse  the  car  when  its  solenoid  is  excited. 

Mr.  Elmer  K.  Hiles  :  Is  it  possible  to  stop  these  cars  at 
any  point  on  a  grade  ? 

The  Author:  It  is  possible  to  stop  a  car  and  hold  it  upon 
any  grade,  and  furthermore,  if  the  circuit  breaker  should  come 
out,  or  for  any  reason  the  power  be  thrown  off  while  a  car  is  on 
a  grade,  it  will  travel  down  the  grade  at  a  speed  determined  by 
the  adjustment  upon  the  car. 

Mr.  Elmer  K.  Hiles:  I  would  like  to  ask  if  any  applica¬ 
tion  of  this  system  has  been  made  to  underground  workings, 
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either  in  underground  stone  quarries  or  in  coal  mines,  or  whether 
it  is  applicable  to  that  sort  of  work? 

The  Author:  I  do  not  believe  it  would  be  adaptable  to 
underground  haulage  except  where  the  requirements  are  for 
handling  a  certain  commodity  from  one  point  to  another.  In  coal 
mining  or  in  any  other  underground  haulage  with  which  I  am 
familiar,  the  material  is  loaded  by  hand  into  very  small  and  low 
cars  in  a  great  number  of  pockets,  each  pocket  having  a  track 
leading  out  to  a  main  line,  upon  which  cars  from  each  pocket  are 
assembled  into  a  train  and  this  train  handled  by  a  locomotive.  I 
believe,  therefore,  that  for  underground  work,  except  possibly 
under  some  special  conditions,  that  the  electric  locomotive  is  the 
only  adaptable  means  for  the  proper  handling  of  such  material. 

Furthermore,  the  system  we  have  discussed  this  evening  is 
essentially  a  steam  shovel  proposition.  The  small  amount  of  roll¬ 
ing  stock  required  is  due  very  largely  to  the  time  required  for 
loading  the  car.  If  instead  of  requiring  four  minutes  to  load, 
which  is  about  the  time  for  steam  shovel  loading,  cars  loaded  by 
hand  requiring  thirty  minutes,  would  necessitate  seven  or  eight 
times  the  amount  of  equipment  on  account  of  this  extra  time 
necessary  for  loading.  Again,  it  would  be  impossible  to  apply 
the  apparatus  to  a  car  built  for  hand  loading  on  account  of  the 
dimensions  of  such  a  car. 

There  are  a  number  of  systems  in  operation  using  flat  cars 
which  are  very  low  and  which  are  loaded  by  hand,  but  these  are 
special  installations  for  special  requirements,  and  I  do  not  believe 
this  system  could  possibly  be  applied  to  coal-mining  work. 

Mr.  H.  A.  Lewis  :  What  is  the  capacity  of  the  car  shown 
on  the  screen  ? 

The  Author:  The  capacity  of  the  car  shown  in  the  illus¬ 
tration  is  ten  yards.  When  loaded  as  is  the  custom  in  quarry  oper¬ 
ation,  this  car  carries  approximately  fourteen  tons  or  over,  as 
loaded  cars  weigh  from  sixty  thousand  to  seventy  thousand 
pounds.  The  net  weight  of  the  car  is  about  thirty  thousand 
pounds. 


BOSH  FUEL  DOMES 

Bv  Frederick  Louis  Grammer* 

As  the  result  of  many  inquiries  of  practical  furnacemen  I 
find  a  vagueness  exists  as  to  the  status  of  solids  and  liquids  in  the 
blast  furnace  crucible.  Manv  think  the  coke  or  fuel  rests  con- 
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tinuously  on  the  hearth  of  the  furnace.  This  opinion  has  its 
origin  in  the  coke  showing  at  the  tapping  hole  at  the  end  of  a  cast. 

If  the  fuel  rested  continuously  on  the  hearth  bottom,  the 
molten  material  in  the  crucible  at  the  time  of  casting  would  occupy 
the  interstices  between  fuel  lumps  only,  and  there  would  be  no 
accentuated  descent  of  stock  line  by  the  removal  of  the  liquid 
iron  and  slag  at  casting.  We  would  have  simply  the  normal  de¬ 
scent  incident  to  combustion,  calcining,  reduction  and  melting. 

It  will  often  be  found  that  there  is  an  unusual  drop  in  the 
stock  line.  This  can  be  explained  in  one  way  only,  and  that  is 
that  the  excess  drop  is  due  to  the  solid  stock  filling  a  space  for¬ 
merly  not  occupied  by  it. 

All  practical  men  know  it  is  unsafe  to  remove  the  blast  sud¬ 
denly  from  a  furnace  after  the  cinder  has  risen  a  certain  distance. 
If  the  blast  is  so  removed  the  cinder  fills  the  tuyeres,  bellow-pipes 
and  sometimes  penstocks.  We  explain  this  by  saying  that  the 
blast  held  the  slag  or  cinder  in  the  interstices  of  the  fuel  above  the 
tuyeres,  or  that  the  removal  of  the  blast  permitted  a  lot  of  solid 
material  to  fall  into  the  crucible  and  raise  the  liquid  level.  This 
solid  material  had  other  support  than  the  crucible  bottom  where 
the  blast  was  on.  A  bucket  one-third  full  of  water  can  be  made 
to  spill  over  if  it  be  filled  with  even-sized  round  solids.  Coke 
settling  in  the  crucible  causes  liquids  to  rise. 

It  is  my  opinion  that  concentric  fuel  domes  of  short  life  and 
frequent  replacement  and  of  decreasing  sized  solid  units  fill  the 
whole  or  part  of  the  bosh,  after  the  manner  of  the  accompanying 
diagram,  Fig.  1. 


•Metallurgical  Engineer,  Pittsburgh. 
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IDraqram  exhibiting  _2? osh  fuel  Hornes  ot  flushing  times  on  a  the  decreasing  s/ze 
of  fuel  Lsm/Ds  above  cmder  level  and  inert  effect  of  slog  on  s/ze  of  fuel  and 
decrease  ms/ze  through  solution  <n  molten  metal 


I  had  some  friends,  who  operate  charcoal  furnaces,  run 
pricking  bars  in  the  cinder  notch  at  flushing  time,  that  is  about 
when  the  cinder  level  was  approaching  the  tuyere  height,  and  they 
reported  no  solid  fuel  lay  in  front  of  the  cinder  notch.  This 
proves  that  the  solid  material  in  those  furnaces  did  not  descend 
into  the  liquids  in  the  furnace  crucible  in  that  instance  as  far  down 
as  the  cinder  notch,  or  the  bottom  of  the  fuel  column  was  at  least 
three  feet  above  the  hearth  of  the  furnace.  It  also  showed  that 
the  fuel  did  not  penetrate  through  the  slag  into  the  molten  metal 
lying  beneath.  Some  five  or  six  similar  tests  on  coke  blast  fur¬ 
naces,  on  the  other  hand,  revealed  coke  in  front  of  the  cinder 
notch. 
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We  can  conceive  the  conditions  better  if  we  recall  the  early 
efforts  of  the  daring  engineer  who  first  started  to  tunnel  the  Hud¬ 
son  River.  He  found  that  blast  of  suitable  pressure  enabled  him 
to  maintain  a  face  in  tube  tunnel  breast — the  water  and  sand  or 
silt  were  balanced  by  the  blast. 

There  are,  beside  the  blast,  other  conditions  favoring  fuel 
arching  in  the  bosh.  The  momentum  of  the  descending  stock  is  at 
a  minimum  and  almost  ceases  at  the  bosh  head.  This  is  because 
the  area  is  nearly  twice  as  great  as  at  the  stock  line  and  calcining, 
reduction,  melting,  etc.,  have  caused  many  of  the  solids  to  disap¬ 
pear  and  even  the  fuel  to  be  of  less  weight. 

When  we  think  of  the  tendency  of  solids  to  arch  over  exca¬ 
vations  and  that  domes  form  more  readily  than  arches  and  are 
stronger,  this  concept  gains  force.  It  is  almost  conclusive  when 
we  recall  that  the  solid  fuel  interstices  are  partly  filled  with 
viscous  liquid  material  acting  as  cement  and  the  blast  rising  blows 
supporting  parachutes  in  glass-like  slag.  The  contracting  bosh 
crowds  the  particles  together  and  offers  a  good  foothold. 

Indeed,  if  combustion  did  not  constantly  reduce  the  size  of 
the  solid  units  our  domes  would  become  too  tight  with  some  slags. 
As  it  is,  in  a  very  cold  furnace,  the  slag  makes  the  dome  too  per¬ 
manent  and  the  stock  does  not  descend  by  quick  dome  replace¬ 
ments,  but  by  jumps. 

Cooling  the  blast  reduces  its  volume  and  its  supporting  influ¬ 
ence  on  the  dome;  this  also  results  from  slackening  the  engine 
revolutions.  These  remarks  may  help  one  to  understand  why  put¬ 
ting  on  “cold  wind,”  which  reduces  the  wind  volume  and  contracts 
the  dome,  is  often  employed  to  bring  down  a  “hang.”  Similarly 
slackening  the  engine  revolutions  sometimes  brings  down  the 
“hanging”  stock. 

Slag  fluidity,  blast  temperature,  bosh  taper,  crucible  diameter, 
fuel  shape  and  weight  all  influence  dome  formation.  We  also 
begin  to  understand  why  certain  slags  are  unsuited  to  high  bosh, 
etc.  I  remember  an  instance  where  an  attempt  to  make  basic 
iron  in  a  furnace  usually  employed  to  make  high  silicon  pig  was 
most  disastrous. 


612  PROCEEDINGS  ENGINEERS'*  SOCIETY  WESTERN  PENNA. 

lo  these  influences  just  summarized  we  must  add  the  floating 
effect  of  the  slag  and  iron.  This  has  not,  so  far  as  1  know,  ever 
been  considered. 

As  at  the  Hudson  tunnel  face  the  adjustment  is  a  delicate 
one :  Our  domes  must  be  just  domes  and  no  more,  trembling  crea¬ 
tions  of  rapid  reformation  like  the  glasses  in  a  kaleidoscope.  The 
maximum  upward  thrust  of  the  molten  bath  probably  is  5  lb.  per 
scp  in.,  and  usually  nearer  one  pound. 

Immediately  after  the  cast  the  solid  fuel  does  rest  on  the 
crucible  hearth.  Soon  the  trickling  slag  and  metal  rising  in  the 
interstices  float  the  fuel  off  the  bottom.  Later  the  slag  floats  the 
fuel  out  of  the  molten  metal. 

As  a  concrete  procedure  one  can  prove  this  in  the  following 
manner :  Ascertain  the  normal  stock  line  descent  during  normal 
blast  supply.  If  this  is  at  the  rate  of  10  feet  per  hour  and  the 
casting  period  takes  30  minutes,  six  minutes  of  which  time  the 
blast  was  reduced  to  60  percent  of  normal,  then  subsidence 
through  reduction  and  smelting  only  would  be  during  that  30 
minutes  as  follows : 

Blast  volume  equals : 

80%  time  100%  vol.  =  80 
20%  time  60%  vol.  =  12 


92% 

Therefore  normal  sinking  of  stock  line  should  show 
10  X  V*  X  0.92  =  4.6  ft. 

Suppose  we  found  that  the  gauge  rods  at  the  top  showed  8.6 
ft.  subsidence  at  casting  time.  This  is  an  excess  of 

8.6  —  4.6  =  4  ft. 

If  the  area  of  the  stock  line  is  1.3  times  the  area  of  the 
crucible  then  we  must  have  had  a  settling  in  the  crucible  of 

4  X  1.3  =  5.2  ft. 

This  means  the  bottom  of  the  solid  fuel  in  the  crucible  was 
held  by  the  molten  slag  and  iron  5.2  ft.  above  the  hearth. 

In  developing  this  concept  further  I  shall  employ  the  follow- 
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in g  data,  which  are  representative  approximations.  The  weight 
of  molten  slags  and  iron  are  taken  at  a  convenient  figure,  though 
somewhat  high.  We  are  more  concerned  with  methods  and  rela¬ 
tions  than  with  values,  and  so  this  may  be  pardoned. 


Anthracite  (loose) 

weights  60  lb.  per 

cu.  ft. 

Coke 

“  30  “  “ 

<«  << 

Charcoal 

“  12  “  “ 

««  << 

Molten  slag 

“  150  “  “ 

<<  << 

Molten  iron 

“  480  “  “ 

<«  «< 

One  ton  molten  iron  occupies  4.66  cu.  ft. 

In  our  blast  furnace  practice  it  will  be  assumed  that  we  will 
have  the  following  slag  volume  relations : 

On  Anthracite  molten  slag  vol.  =  1.6  molten  iron  vol. 
Coke  “  “  “  =  1.5  “  “  “ 

Charcoal  —  i-o 


We  will  assume  that  in  the  crucible  the  interstices  between 
lumps  of  fuel  equal  one-half  the  full  volume,  or 


Interstices  =  33  1/3%  space 
Solid  fuel  =  66  2/3%  “ 


From  these  figures  we  deduce  as  follows  that  these  depths  of 
molten  material  balance  one  foot  in  height  of  loose  fuel: 


Fuel. 

Anthracite 

Coke 

Charcoal 


Slag — Ft.  Head. 
0.400 
0.200 
0.080 


Iron — Ft.  Head. 
0.125 
0.0625 
0.025 


If  our  crucible  is  empty  of  fuel  the  relative  liquid  depths  are 
shown  as  follows  letting  y  be  the  depth  of  metal: 


Depth  of 
Fuel.  Metal. 

Anthracite  y 

Coke  y 

Charcoal  y 


Depth  of 

Depth  of 

Molten 

Slag. 

Material. 

1.6  y 

2.6  y 

1.5  y 

2.5  y 

1-3  y 

2.3  y 
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Where  the  fuel  penetrates  the  molten  material,  occupying  the 
interstices,  these  figures  are  to  be  multiplied  by  3. 

At  the  time  of  the  first  flush  the  slag  covering  the  iron  is 
deepest.  Except  after  casting  time  the  cinder  depth  over  the  iron 
is  shallowest  at  the  end  of  the  last  “flush.”  If  the  fuel  does  not 
penetrate  the  slag  into  the  iron  at  the  end  of  the  last  flush  it  does 
not  do  so  again  until  after  casting,  or  during  a  few  minutes 
towards  the  end  of  the  cast. 

Knowing  the  diameter  of  crucible,  height  of  cinder  notch 
and  tuyere  above  the  iron  notch,  the  period  between  casts,  the 
average  tonnage  of  a  cast,  the  type  of  fuel  used  and  relations  as 
just  cited,  we  can  arrive  at  some  estimation  as  to  when  each  type 
of  fuel  leaves  the  molten  metal  and  leaves  the  furnace  bottom. 
This  gives  one  some  idea  of  the  decided  metallurgical  differences 
existing  in  the  furnace  when  these  fuels  are  employed. 

On  a  charcoal  furnace  we  will  take  the  cinder  notch  (C  N)  as 
being  4  ft.  above  the  hearth  level  or  iron  notch ;  the  tuyere  eleva¬ 
tion  as  6  ft.  above  the  hearth  level ;  the  hearth  diameter  at  8  ft. ; 
height  of  fuel  dome  above  bottom  of  furnace  or  hearth  =  11  ft. 
(E>  diam.)  — (—  6  — (—  1  =  11  ft.  We  will  take  time  between  the 
casts  as  six  hours  and  size  of  cast  as  25  tons. 

Then 


25  X  4.66  =  cu.  ft.  occupied  by  metal  at  casting  time. 


25  X  4.66 
8  X  8  X  0.785 


2.53  ft.  depth  of  metal  in  empty  crucible 
at  casting  time. 


The  slag  depth,  because  a  flush  has  just  been  made,  is 


4  —  2.53  =  1.47  ft. 


Our  table  gives  0.08  as  the  factor  between  charcoal  and  slag, 
so  1.47  ft.  of  slag  would  support 


=  18.4  ft.  of  loose  charcoal. 

We  would  never  find  a  column  of  fuel  18.4  ft.  high  under  the 
lowest  dome  on  any  charcoal  furnace.  We  can  safely  say,  there¬ 
fore,  then  when  charcoal  is  lifted  out  of  the  rising  iron  through 
the  buoying  influence  of  the  molten  slag,  it  does  not  again  pene- 
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trate  into  the  metal  until  after  the  next  cast.  This,  the  thinnest 
covering  of  slag,  is  shown  to  be  more  than  adequate  to  support 
the  fuel  column,  which  measures  7  ft.,  or  thereabouts. 

We  determine  when  the  fuel  is  lifted  out  of  the  metal,  thus 
assuming 

11  ft.  (height  of  dome), 

12  lb.  =  weight  per  cu.  ft.  of  charcoal. 


We  have  132  lb.  per  sq.  ft.  pressure  resulting  from  fuel  under 
dome  top,  allowing  no  pressure  from  material  above  the  dome. 

11  X  0.08  =  0.88,  depth  of  slag  to  balance  charcoal  column. 


This  0.88  ft.  depth  would  be  but  0.88  3  when  charcoal  was 

removed  from  molten  material,  or  0.29  ft.  depth  of  slag  in  cru¬ 
cible  free  of  solids. 

Since  a  charcoal  furnace  makes  1.3  slag  volume  to  one  metal 
volume,  while  the  furnace  was  making  0.29  ft.  of  slag  it  would 
be  making 

0  29 

j-g-  =  0.223  ft.  depth  of  iron. 

In  six  hours  the  furnace  made  2.53  ft.  depth  of  iron,  so  the 
slag  floats  the  fuel  out  of  the  iron  in 


0.223 

2.53 


11%  of  time  between  casts,  or 


6  hr.  X  00  =  360  min.  X  0-11  =  40  min. 


In  such  a  furnace  the  fuel  and  molten  metal  bath  are  in  con¬ 
tact  40  minutes. 

The  height  of  molten  material  is  as  follows  in  the  fuel-filled 
space,  when  charcoal  leaves  slag : 


Free  iron  =  0.223  ft. 

Slag  and  Coke  =  0.880  ft. 


Total  1.103  ft. 

It  is  probably  much  less,  for  the  assumed  fuel  column  is 
high.  The  fuel  would  leave  bottom  of  furnace  in  the  following 
time  on  a  charcoal  furnace : 

Let  y  equal  depth  of  metal  when  fuel  lifts  off  bottom. 
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Then  1.3  y  —  depth  of  slag  and  2.3  y  the  depth  of  molten 
material. 

480  y  +  1.3  y  (150)  =  132 
or  y  —  1/5  ft.  =  2.4  inches. 

But  this  is  where  solid  fuel  takes  up  space.  In  an  empty 
crucible  in  a  charcoal  furnace  we  find  iron  rises 


2.53  ft.  X  1^ 
360 


1  /12  in.  per  min., 


and  if  filled  with  fuel  three  times  as  rapidly  or  3/12  inch  per 
minute.  Slag  rises  1.3  times  as  rapidly,  or  4/12  inch  per  minute. 
Both  rise  7/12  inch  per  min.  After  flotation  the  liquid  rises  in 
the  crucible  1/12  inch  per  minute  for  iron  and  1.3  -r-  12  inch 
per  minute  for  slag,  or  together  0.2  inch  per  minute. 


2.4  inches 
7/12 

between  casts. 


4  minutes  after  cast  that  the  charcoal  leaves 
the  furnace  bottom.  This  is  1  percent  of  time 


On  anthracite  we  take  : 

H  —  15  ft. 

Hearth  diameter  =  8  ft. 

Cast  interval  =  6  hrs. 

Cast  size  =  25  tons 
Tuyere  height  =  7  ft. 

Cinder  notch  height  =  5  ft. 

Slag  volume  =  1.6  iron  volume. 


The  metal  rises,  therefore,  1/12  inch  per  minute  in  empty 
furnace. 

Slag  and  metal  =  2.6  — 12  =  0.225  inches  molten  material 
rises  per  minute. 

In  a  solid  filled  crucible  the  iron  rises  3/12  in.  and  the  slag 


1.6  X  3  4.8 

12  12 


0.4  in. 


or  7/12  =  0.625  in.  per  min.  for  both. 


On  coke  we  take : 

H  —  18  ft. 

Diameter  crucible  =  13  ft. 
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Cast  interval  =  1/5  of  24  hours. 
Cast  size  =  90  tons. 

Tuyere  height  =  9  ft. 

Cinder  notch  height  =  0  ft. 

Slag  volume  =  1.5  metal  volume. 
Area  crucible  =  132  sq.  ft. 


In  an  empty  crucible  90  tons  of  metal  would  be  3.2  ft.  deep,  or 
6  —  3.2  =  2.8  ft.  below  cinder  notch  at  casting  time. 


One-fifth  of  24  hours  =  288  min. 

3.2  X 


288 


=  0.13  in.  per  min.  rise  of  metal. 


0.13  X  1.5  =  0.2  in.  per  min.  rise  of  slag. 

In  a  fuel  filled  crucible  these  figures  multiplied  by  3  become: 

0.39  in.  of  iron  and  0.6  in.  of  slag, 
or  together  1  in.  per  min. 

Reverting  to  anthracite : 

Let  y  =  metal  depth  at  time  fuel  lifts  off  furnace  bottom. 

Fuel  pressure  =  15  X  60  =  900  lb.  per  sq.  ft. 

We  have  480  y  -j-  1.6  y  (150)  =  900 

y  =  1.25  ft.  or  15  in. 

Rise  rate  in  crucible  filled  with  fuel  =  0.622  in.  per  min. 

This  gives  15-4-  0.622  =  24  min.,  or  on  6  hr.  cast  intervals 
the  fuel  touches  crucible  bottom  7  percent  of  the  time. 

The  slag  lifts  the  fuel  out  of  the  iron  bath  as  follows  in  an 
anthracite  furnace : 

15  X  0.4  =  6  ft.  slag  head  to  balance  fuel  column. 

But  when  slag  is  6  ft.  deep  as  a  result  of  occupying  inter¬ 
stices  it  would  be  2  ft.  deep  in  empty  furnace.  While  the  furnace 
makes  2  ft.  of  slag  the  furnace  makes  also 


=  1.25  ft.  of  iron. 

6  -J-  1.25  =  7.25  ft.  depth  of  liquid — slag  filled  with  fuel  and 
liquid  iron  beneath,  free  of  fuel. 

This  distance  demanded  for  flotation  is  higher  than  the 
tuyere  level,  and  since  slag  is  not  carried  in  practice  above  the 
tuyere  level  we  can  say  the  fuel  never  floats  out  of  the  iron  in  an 
anthracite  furnace. 
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With  a  coke  furnace  by  similar  steps  we  obtain : 

Fuel  weight  per  sq.  ft.  of  column  to  summit  of  lowest  fuel 
dome  is 

18  X  30  =  540  lb. 

Our  equation  becomes : 

480  y  +  1.5  y  (150)  =  540 

y  —  0.76  ft.  =  9  in. 

Molten  material  in  a  coke  furnace  rises  through  interstices 
1  in.  per  min.  In  9  min.  it  will  rise  9  in.  In  9  min.  the  fuel  lifts 
off  the  bottom.  On  5  casts  per  24  hours  we  find  this  corre¬ 
sponds  to : 

9  -f-  288  =  3  percent  of  time  fuel  rests  on  furnace 
bottom  in  a  coke  furnace. 

Coke  is  lifted  out  of  molten  iron  through  uplift  by  slag  as 
follows : 


18  X  0.2  =  3.6  ft.  depth  of  slag  to  balance  fuel. 

This  height  when  filling  interstices  is  1.2  ft.  in  a  solid  free 
crucible.  While  making  1.2  ft.  of  slag  our  coke  furnace  makes 
8/10  ft.  of  iron  =  9.6  in. 

At  casting  time  our  iron  in  solid  free  space  is  3.2  ft.,  or 
38.4  in. 


gg-j  =  25%  of  time  between  casts. 

Coke  is  out  of  iron  ^4  of  the  time. 

After  blast  is  put  on  the  furnaces  after  cast,  the  fuel  and 
molten  iron  in  the  bath  come  in  contact.  On  some  furnaces 
using  coke  it  is  possible  there  might  be  a  later  contact  between 
fuel  and  molten  iron  just  prior  to  casting  through  removal  of 
most  of  the  slag. 

It  would  be  more  exact  if  we  had  reduced  the  height  of  our 
assumed  column  of  fuel  as  it  was  shortened  by  lifting.  This  is  a 
very  much  more  elaborate  calculation  and  should  not  materially 
affect  the  relations  cited  for  different  fuels. 
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The  domes  are,  of  course,  differently  shaped  for  different 
fuels. 

\\  ith  rounded  anthracite  which  burns  through  large  areas 
because  of  absence  of  pores,  it  is  questionable  whether  domes 
form,  and,  if  they  do,  they  have  not  the  frequent  reformations 
incident  to  porous  coke  and  charcoal. 

This  study,  suggested  by  some  remarks  I  made  on  a  paper 
by  J.  E.  Johnson,  Jr.,  Transactions  American  Institute  Mining 
Engineers,  Volume  ...,  should  prove  helpful.  It  may  explain 
why  the  use  of  a  small  percentage  of  anthracite  helps  to  keep  the 
hearth  hot.  It  may  have  a  bearing  on  the  oxygen,  sulphur  and 
carbon  contents  of  metal ;  also  manganese  and  silicon.  This  con¬ 
cept  may  be  of  use  in  metallurgies  other  than  iron. 

It  certainly  seems  to  explain  one  function  of  the  bosh,  viz., 
holding  back  weight  and  permitting  regular  descent. 

Where  the  ore  is  very  refractory,  heavy  and  lumpy  and  is 
reduced  by  solid  carbon  at  the  tuyeres,  these  flotation  figures  obvi¬ 
ously  need  changing. 

The  behavior  as  regards  flotation  and  penetration  may  be 
checked  in  another  manner  besides  measuring  excess  stock  set¬ 
tling  on  blast  removal  and  by  pricking  rod  at  cinder  notch  at  first 

flush. 

If  tuyeres  are  8  ft.  high  and  molten  material  rises  in  inter¬ 
stices  1  in.  per  min.,  the  slag  will  rise  to  the  tuyeres  in  96  min. 
where  there  is  no  flotation.  If  there  were  no  fuel  below  the  liquid 
it  would  take  288  min. 

If  in  actual  running  we  find  it  takes  three  hours  for  slag  to 
reach  tuyeres,  the  period  of  flushing,  then  we  can  interpolate  as 
follows : 

288  —  96  =  192  min.  longer  for  slag  to  reach  tuyeres  in  fur¬ 
nace  crucible  without  fuel  than  with  fuel. 

180  —  96  =  84  min.  actual  excess  time,  in  case  assumed. 

We  can  say,  therefore,  that  the  lower  part  of  the  crucible  is 
84 

empty  (free  of  solids),  and  the  solid  penetration  is 

108  X  8  ft.  =  4  ft.  6  in.  below  tuyere. 

192 

Deduct  2  ft.  below  tuyeres  where  cinder  notch  is  located  and 
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we  find  bottom  of  fuel  is  2  ft.  6  in.  below  level  of  cinder  notch  at 
first  flush. 

The  drop  in  furnace  top  level  would  be  8  ft.  —  4  ft.  6  in., 
or  3  ft.  6  in.  divided  by  ratio  between  stock  line  and  crucible 
areas.  This  could  be  compared  to  facts  at  casting. 

On  such  a  furnace  the  time  between  the  first  and  second 
cinder  flushings  would  be,  based  on  filling  an  empty  receptacle, 

2  ft.  X  12  =  24  =  72  min.  =  1  hr.  12  min. 

The  second  flush  would  be  3  hr.  1  hr.  after  cast  and  12 
min.  -{-  10  min.  for  flushing,  or  say  4  hrs.  and  22  min.  after  the 
previous  cast.  We  can  see  this  corresponds  to  the  interval  be¬ 
tween  casts  obtaining  in  many  furnaces  using  coke. 

Possibly  the  existing  height  of  tuyere,  bosh  flare,  hearth 
diameter  and  cinder  notch  will  be  found  unsuited  for  certain 
fuels,  slag  volumes  and  product. 

The  time  of  contact  between  fuel  and  molten  metal  should 
influence  the  carbon  content  of  metal.  We  find  we  are  in  the 
domain  of  the  physical  chemist  who  measures  diffusion  of  light 
solutes  in  still  lighter  solvents  by  osmotic  pressure.  We  can  learn 
but  little  from  them,  for  they  deal  with  temperature  ranges 
about  100  deg.  Cent,  above  freezing  in  the  case  of  water.  We  are 
concerned  with  a  solvent  heavier  than  the  solute  as  3  to  1  and  our 
molten  iron  is  at  least  250  deg.  Cent,  above  freezing,  and  temper¬ 
ature  prohibits  osmotic  measurements. 

These  relations,  however,  are  most  interesting  as  a  field  of 
further  study  and  show  that  the  glass  models  so  often  used  to 
study  stock  descent  are  often  misleading. 

I  do  not  have  at  this  writing  adequate  data  to  determine 
whether  there  is  more  carbon  dissolved  by  the  molten  metal  in 
the  zones  of  fuel  penetration  and  whether  it  diffuses  evenly 
throughout  the  entire  bath. 


THE  DESIGN  OF  BITUMINOUS 
MINING  PLANTS 

By  William  Archie  Weldin* 

It  is  not  my  intention  to  attempt  in  this  paper  to  cover  thor¬ 
oughly  the  entire  held  indicated  in  the  title,  but  rather  to  treat 
of  certain  phases  of  the  subject  with  which  I  am  somewhat 
familiar,  leaving  other  aspects  of  our  problem  to  those  better  pre¬ 
pared  to  elucidate  them.  I  prefer  to  discuss  certain  parts  in  detail 
in  the  hope  of  interesting  men  familiar  with  these  matters,  rather 
than  to  cover  a  larger  held  with  generalities.  However,  in  order 
to  present  the  matters  I  have  in  mind  in  connected  form,  and  to 
indicate  their  relation  to  the  whole  problem,  I  have  chosen  the 
title  announced,  and  the  arrangement  indicated  in  the  notices. 

The  problems  discussed  are  those  of  the  designer  who  is 
called  upon  to  determine  the  character  and  estimate  the  cost  of 
the  plant  in  advance  of  actual  construction,  as  well  as  to  provide 
working  drawings  to  guide  the  installation. 

Opening  a  large  modern  mine  under  present  conditions  is  no 
simple  undertaking.  It  involves,  not  only  the  construction  of  a 
large  industrial  plant,  in  a  situation  often  remote  from  trans¬ 
portation  and  housing  facilities,  but  in  addition,  a  complete  town, 
water  supply  and  sewerage  systems,  etc.  In  fact,  many  installa¬ 
tions  include  all  the  machinery  necessary  to  a  modern  community. 
This  on  the  surface.  Underground,  there  is  also  construction  to 
provide  for.  See  Fig.  1. 

It  must  not  be  forgotten  that,  from  the  time  the  coal  is 
reached,  mining  must  be  carried  on  simultaneously  with  plant  con¬ 
struction,  in  order  that  sufficient  working  places  may  be  opened  to 
produce  the  tonnage  desired.  The  temporary  surface  plant  to 
handle  the  resulting  coal  should  receive  the  careful  attention  of 
the  designer. 

The  tipple,  power  house  and  ventilating  fan,  Fig.  2,  are  gen¬ 
erally  the  most  conspicuous  features  of  the  plant  proper,  but  pro¬ 
vision  must  usually  be  made  for  some  dozen  other  structures  for 
various  plant  purposes. 

♦Proposal  Engineer,  Pittsburgh  Coal  Washer  Co.,  Fulton  Building, 
Pittsburgh. 
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Fig.  1.  Annabelle  Mine,  Four  States  Coal  &  Coke  Co. 

Relation  of  Underground  Workings  to  Surface  Plant. 

Masonry  Walls  Indicated  by  Heavy  Lines,  Course  of  Haulage  and 
Ventilating  Current  Indicated  by  Arrows. 

The  magnitude  of  the  housing  problem  may  be  understood 
when  it  is  remembered  that  in  some  cases  dwellings  must  be 
erected  for  all  the  employes  and  those  who  cater  to  them. 

Mr.  George  W.  Schleuderberg,  General  Manager  of  the 
Pittsburgh  Coal  Company,  stated  recently  that  the  average  daily 
output  of  the  mines  under  his  charge  is  about  three  and  one- 
quarter  tons  per  employe,  counting  all  names  on  the  payroll  in 
whatever  capacity. 

Mr.  W.  E.  Fohl,  Consulting  Engineer,  Pittsburgh,  finds  from 
a  study  of  the  Pennsylvania  reports  covering  the  coke  region  that 
one  man  is  employed  for  every  coke  oven.  As  the  ovens  are 
charged  with  about  six  tons  of  coal  on  alternate  days,  this  state¬ 
ment  agrees  very  well  with  that  of  Mr.  Schleuderberg.  If  we 
assume  that  for  every  worker  there  is  an  average  of  four  depend- 
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Fig.  2.  Ventilating  Fan — 35  Feet  Diameter,  8  Feet  Wide. 
Driven  by  Two  Independent  Steam  Engines  Through 

Friction  Clutches. 

Marianna  Mine.  Pittsburgh-Buffalo  Co. 


Fig.  3.  Interior  Repair  Shop. 
Marianna  Mine.  Pittsburgh-Buffalo  Co. 
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Fig.  4.  Miner’s  Dwelling. 

ents,  the  population  to  be  provided  for  may  be  approximated.  For 
a  mine  of  3000  tons  daily  capacity,  a  town  of  5000  inhabitants 
may  be  required.  It  is  customary  to  build  the  houses  in  groups  of 
fifty  to  several  hundred  from  time  to  time,  as  the  need  for  them 
becomes  apparent. 

If  the  town  is  to  be  an  isolated  community,  it  may  be  neces¬ 
sary  to  arrange  for  the  erection  of  schools,  churches,  hotels,  clubs, 
stores,  etc.,  either  by  the  company  itself,  or  by  social  and  religious 
organizations  with  company  encouragement.  In  any  case,  the 
town  should  be  laid  out  with  the  view  of  having  a  social  center 
of  some  sort. 

The  provision  of  an  adequate  water  supply  may  involve  the 
construction  of  impounding  reservoirs  on  the  headwaters  of  local 
streams,  pumping  stations,  pressure  reservoirs,  distribution  sys¬ 
tems,  with  fire  plugs  and  house  connections,  and  perhaps  sand 
filtration  or  softening  plants. 

Drainage  and  refuse  from  the  mines  must  be  disposed  of 
without  contaminating  the  water  supply.  Mr.  Schleuderberg 


WF.LDIN — DESIGN  OF  BITUMINOUS  MINING  PLANTS  625 

states  that  at  his  mines,  for  every  ton  of  coal  hoisted,  3-tons  of 
water  must  be  raised  and  one-tenth  ton  of  rock  must  be  wasted 
above  ground. 

Add  to  all  this,  the  fact  that  many  mining  corporations  or 
their  subsidiaries  engage  in  other  enterprises,  such  as  lumbering, 
farming,  dairying  and  brickmaking,  and  it  is  seen  that  we  are 
a  long  way  from  the  simple  process  of  digging  coal  and  loading 
it  into  cars. 

Before  the  actual  work  of  design  and  construction  of  a 
modern  plant  may  proceed,  some  engineering  organization  is 
essential.  Some  of  the  larger  mining  companies  employ  the  tech¬ 
nical  men  required  directly,  either  by  creating  a  more  or  less  sep¬ 
arate  organization  under  a  construction  engineer,  or  by  adding  to 
the  regular  operating  staff,  which  may  be  doing  routine  work  in 
connection  with  existing  mines,  the  necessary  men  having  the 
special  training  required  to  construct  new  plants. 

Where  a  program  of  construction  covering  many  plants  and 
expected  to  continue  for  a  period  of  years  is  contemplated,  so  that 
an  effective  and  harmonious  organization  can  be  built  up,  this 
arrangement  has  distinct  advantages.  It  enables  the  operating 
and  construction  forces  to  keep  in  close  touch,  giving  the  latter 
advantage  of  the  experience  of  the  former  in  actual  operation  with 
the  particular  conditions  encountered,  and  making  more  certain 
the  delivery  of  the  work  in  condition  harmonizing  with  the  ideals 
and  policies  of  the  corporation.  Ihe  effect  of  this  co-operation 
and  harmony  is  best  seen  in  the  smoothness  with  which  a  plant 
constructed  by  such  an  organization  goes  into  operation,  particu¬ 
larly  if  it  is  not  the  first  mine  in  the  series. 

The  staff  should  include  a  chief  construction  engineer,  who 
may  also  be  charged  with  the  operating  work  already  referred  to, 
and  who  will  divide  his  time  between  the  office  and  the  field.  He 
should  have  an  assistant  in  immediate  charge  of  the  office  work. 
In  the  office,  there  will  also  be  required  a  file  clerk,  who  may  also 
serve  as  stenographer  or  tracer,  and  five  to  eight  draftsmen, 
having  various  experience  and  education  in  structural,  mechanical 
and  civil  engineering,  and  architecture. 

In  the  field,  there  should  be  an  engineer  in  charge,  having 
under  him  an  instrument  man  with  one  or  two  assistants,  and  a 
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material  and  cost  clerk.  This  list  refers  to  the  plant  construction 
only,  and  does  not  cover  the  men  required  for  the  careful  survey 
of  the  coal  field  and  the  other  work  required  in  preparation  for 
the  mine  map.  This  involves  large  surveying  parties  and  extra 
mapping,  and  requires  a  temporary  addition  to  the  working  force, 
if  carried  on  simultaneously  with  construction. 

When  a  series  of  plants  is  not  contemplated,  the  employment 
of  a  consulting  or  practicing  engineer  who  permanently  maintains 
the  required  organization  is  undoubtedly  the  best  arrangement. 
Such  an  engineer  brings  to  his  client  the  experience  of  all  his 
other  clients,  and  should  be  prepared  to  begin  work  at  once, 
relieving  the  company’s  executive  staff  of  the  burden  of  the  tech¬ 
nical  side  of  the  extraordinary  conditions  obtaining  during  con¬ 
struction. 

The  design  of  the  tipple  and  coal-treating  plant  is  frequently 
made  a  subject  of  competition  between  bidders.  Such  competi¬ 
tion  properly  conducted  may  yield  most  valuable  results.  It 
brings  to  the  work  the  services  of  trained  minds  of  a  number  of 
men  of  broad  experience,  thoroughly  familiar  with  their  apparatus 
and  what  it  can  accomplish.  There  results  a  series  of  solutions 
of  the  particular  problem  from  various  points  of  view,  and  the 
plant  engineer  is  in  a  position  to  act  as  judge  of  the  competition, 
to  select  or  combine  the  proposals  and  so  to  arrive  at  the  very 
best  design  possible.  I  would  suggest,  however,  that  the  common 
method  of  conducting  these  competitions  leaves  much  to  be  de¬ 
sired.  It  is  subject  to  the  same  objections  that  have  been  urged 
in  the  past  against  architectural  competitions,  and  I  believe  that  a 
solution  of  the  difficulties  similar  to  that  proposed  by  the  archi¬ 
tectural  societies  can  be  arrived  at.  For  instance,  the  competition 
should  be  limited  to  a  selected  few  bidders,  including  only  those 
firms  entirely  responsible,  and  who  have  demonstrated  their 
ability  in  work  of  the  class  required. 

The  first  award  should  carry  with  it  the  contract,  and  provi¬ 
sion  should  be  made  for  compensating  all  of  the  contestants  for 
the  work  of  preparing  designs.  Let  no  one  imagine  for  one 
moment  that  such  work  costs  nothing  because  no  specific  charge 
is  made  for  it.  Of  course  there  is  no  such  thing  as  free  engi¬ 
neering.  Manufacturers  who  would  continue  in  business  must  be 
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paid  for  engineering  as  for  all  other  necessary  work,  and  as  their 
clients  constitute  their  only  source  of  revenue  it  follows  that  the 
latter  pay  for  the  engineering  in  the  end.  It  is  far  better  for  them 
to  pay  for  this  necessary  work  directly  than  by  some  subterfuge, 
pretending  that  it  costs  nothing,  and  thereby  creating  in  the  minds 
of  many  a  tendency  to  slight  it. 

The  fact  is  that  the  cost  of  preliminary  design  is  really  multi¬ 
plied  by  the  number  of  bidders.  This  cost  is  amply  justified  by  the 
importance  of  the  tipple  and  washer  in  the  operation  of  the  plant, 
and  the  value  of  several  minds  as  indicated  above :  provided,  how¬ 
ever,  that  there  be  a  capable  engineer  acting  in  the  interest  of  the 
company,  so  that  it  really  gets  the  full  benefit  of  the  competition. 

Many  attempts  have  been  made  to  dispense  with  the  expen¬ 
sive  technical  aid  which  is  regarded  as  the  best  practice.  A  young 
man  may  be  put  forward  whose  chief  recommendation  is  his 
abounding  self-confidence,  and  whose  modesty  is  supposed  to  be 
fully  exercised  in  the  matter  of  regulating  his  own  compensation. 
The  hope  seems  to  be  entertained  in  such  cases  that  this  prodigy 
may  combine  in  his  own  person  all  the  technical  talent  required. 
Another  and  more  promising  method  is  the  attempt  to  farm  out  all 
the  engineering  to  the  contractors  for  equipment.  The  possibility 
of  securing  results  by  this  method  may  be  nullified  by  selecting 
the  contractors  solely  on  the  basis  of  the  lowest  bids. 

The  extra  cost  resulting  from  such  methods  may  not  be  easily 
visible.  Costs  of  plants  vary  so  widely.  \\  ho  is  to  say  what  a 
given  plant  might  have  cost  under  other  conditions?  But  the 
handicap  of  improper  design  becomes  more  and  more  glaringly 
apparent  from  the  day  the  plant  is  placed  in  operation.  It  has 
happened  that  an  expensive  plant  has  actually  failed  to  start, 
becoming  choked  with  coal  at  once.  Others  have  to  be  extensively 
rebuilt  in  the  course  of  a  few  months  or  years,  while  still  others 
are  allowed  to  run  on,  putting  out  coal  of  inferior  preparation, 
which  never  commands  its  proper  market,  creating  heavy  charges 
for  unnecessary  labor  and  repairs,  or  even  shutting  down  the 
entire  operation  at  frequent  intervals.  Compared  to  the  losses 
from  such  causes,  the  cost  of  adequate  engineering  is  absolutely 
negligible. 
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PRELIMINARY  DATA 

Before  opening  a  new  mine  it  is  necessary  to  determine  the 
point  and  type  of  opening,  the  treatment  of  the  coal  required  to 
best  prepare  it  for  its  proper  market,  and  the  railroad  connections 
best  adapted  to  bring  it  to  that  market.  To  this  end,  certain  pre¬ 
liminary  data  must  be  secured. 

In  order  to  properly  test  the  coal  at  the  outcrop,  to  secure 
samples  truly  representative  of  the  seam,  and  to  test  its  average 
thickness,  headings  should  be  driven  in  about  100  ft.  Crop  coal 
has  generally  been  modified  by  weathering,  and  it  is  sometimes 
found  that  this  crop  coal  is  thicker  than  the  average  of  the  seam. 
Whether  this  thickening  be  due  to  the  fact  that  the  crop  coal  has 
been  subjected  to  less  pressure  than  the  remainder  of  the  seam, 
to  the  effects  of  weathering,  or  to  other  causes,  I  leave  to  the 
geologists,  but  the  fact  is  that  crop  coal  is  far  from  being  a  reli¬ 
able  index  of  the  seam  as  a  whole.  Sometimes  the  information 
sought  may  be  obtained  in  local  mines,  or  “country  banks,”  as  they 
are  called. 

When  no  outcrops  are  available,  or  are  so  limited  in  extent 
as  to  require  further  exploration,  recourse  is  had  to  boring.  Ordi¬ 
nary  well-drilling  outfits  are  used  to  make  wash  borings,  to  locate 
the  seam  and  determine  its  approximate  thickness,  and  core  drills 
are  used  to  bring  up  occasional  samples  of  the  entire  seam.  These 
show  the  exact  thickness,  the  posture,  amount  and  character  of 
impurities  present,  and  even  the  nature  of  the  roof  and  floor  of 
the  proposed  mine.  They  also  yield  samples  for  the  chemical 
laboratory. 

The  Pittsburgh  seam,  which  is  the  principal  deposit  worked 
in  Western  Pennsylvania,  Northern  West  Virginia  and  Eastern 
Ohio,  is  of  such  remarkably  uniform  character  that  few  tests  are 
necessary  preliminary  to  opening  a  mine  in  it.  The  plant  designer 
is  principally  interested  in  ascertaining  the  depth  and  posture  of 
the  deposit,  so  as  to  determine  the  best  point  and  manner  of 
opening  as  regards  haulage,  drainage,  etc.  Surface  conditions 
may  so  localize  the  problem  between  anticlinal  and  synclinal  lines 
that  the  floor  of  the  seam  may  be  considered  as  lying  in  a  plane, 
which  is,  of  course,  determined  by  three  points.  These  points 
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may  be  established  by  exposing  the  outcrop,  drilling  or  exploring 
adjacent  workings. 

Seams  of  more  erratic  occurrence  than  the  Pittsburgh,  par¬ 
ticularly  in  new  fields,  should  be  thoroughly  explored  by  expos¬ 
ing  the  outcrop,  boring  and  core  drilling.  It  is  advisable  to  plot 
contours  on  the  floor  of  the  coal,  superposing  them  on  a  small 
scale  topographic  map  of  the  field,  thus  presenting  a  general  view 
of  the  entire  situation.  The  number  of  tests  and  the  contour 
interval  remain,  of  course,  a  matter  for  individual  judgment,  but 
even  where  only  a  few  tests  are  made,  some  contours  interpolated 
between  them  will  be  found  to  greatly  illuminate  the  data  dis¬ 
closed  by  the  tests. 

SELECTING  THE  POINT  OF  OPENING 

The  selection  of  the  point  of  opening  and  the  location  of  the 
surface  plant  is  governed  by  several  considerations  other  than  the 
posture  of  the  seam.  In  the  first  place,  an  economical  location  for 
the  shipping  tracks  must  be  found.  The  tipple  is  to  be  erected 
over  these  tracks,  and  the  site  should  allow  for  the  convenient 
grouping  of  the  principal  buildings  around  the  tipple.  The  mine 
opening  should  be  located  with  respect  to  the  tipple,  in  order  to 
provide  for  the  economical  handling  of  the  mine  cars  at  the  sur¬ 
face,  and  at  the  same  time  penetrate  the  seam  at  a  point  per¬ 
mitting  natural  drainage  as  far  as  possible,  and  economical  grades 
for  the  haulage  in  the  mine. 

Insufficient  consideration  and  hasty  decision  in  regard  to 
fixing  the  point  of  opening  may  so  handicap  the  design  of  the 
plant  as  not  only  to  increase  the  first  cost,  but  also  the  cost  of 
operation  during  the  entire  life  of  the  mine.  I  have  often  been 
exasperated  by  the  difficulty  of  placing  an  adequate  tipple  be¬ 
tween  a  railroad  fixed  in  position  by  local  conditions,  and  a  shaft 
sunk  beside  it  apparently  without  any  regard  to  the  use  to  which 
it  was  to  be  put,  when  it  could  have  been  placed  just  as  easily  a 
few  feet  farther  away  from  the  track  or  a  few  yards  farther 
along,  leaving  ample  room  for  the  necessary  structure  and  equip¬ 
ment. 

On  the  other  hand,  I  have  been  amused  by  a  different  sort 
of  failure  to  appreciate  the  importance  of  the  matter  of  prelim- 
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inary  study.  A  certain  engineer,  in  describing  a  certain  plant, 
stated  that  it  was  built  on  an  ideal  site.  As  a  matter  of  fact,  the 
topography  was  considered  most  difficult,  and  the  preliminary  esti¬ 
mates  indicated  excessive  cost.  After  a  great  number  of  studies 
and  estimates  were  made,  an  unusual  arrangement  was  adopted 
to  meet  the  exigencies  of  the  case,  with  the  results  that  seemed  to 
the  writer  in  question  so  successful.  If  he  had  seen  the  first 
studies  he  would  not  have  been  so  ready  to  assume  that  the  plant 
was  built  on  a  farm  expressly  designed  by  nature  for  the  recep¬ 
tion  of  this  particular  plant. 

TYPES  OF  OPENINGS 

There  are  three  principal  types  of  openings,  depending  on  the 
location  of  the  coal  in  the  ground.  They  are  the  drift,  the  slope 
and  the  shaft. 

.  A  drift  is  generally  understood  to  be  an  opening  which  is 
driven  in  the  coal  itself.  This  is  the  most  desirable,  because  the 
cheapest  form  of  opening,  but  of  course  is  only  possible  when  the 
coal  crops,  and  only  desirable  when  the  outcrop  is  in  a  convenient 
location.  This  type  of  opening  is  usually  the  first  to  be  adopted 
in  developing  a  seam  in  a  new  district.  In  such  cases,  the  location 
of  the  plant  is  generally  determined  by  the  location  of  outcrop 
suitable  for  drift  opening. 

By  a  slope,  we  mean  an  inclined  entry  or  tunnel  driven 
through  the  overlying,  or  underlying,  strata.  A  shaft  differs  from 
a  slope  merely  in  the  angle  of  inclination.  For  the  purpose  of  this 
paper,  shafts  will  be  considered  as  vertical,  although  in  certain  in¬ 
stances,  particularly  in  the  case  of  metalliferous  mines,  they  are 
frequently  inclined.  I  would  differentiate  between  slopes  and 
shafts  by  considering  as  slopes  only  those  openings  through  which 
the  mine  cars  come  out  on  their  own  wheels,  while  I  would  call  all 
openings  shafts  whose  inclination  requires  that  the  cars  be  placed 
on  cages  or  other  special  hoisting  devices.  This  is  a  vital  distinc¬ 
tion,  as  the  caging  limits  the  capacity  of  the  opening  and  increases 
the  labor  cost. 

Slopes  are  generally  lined  on  three  sides  only,  the  floor  being 
the  natural  ground,  while  shafts,  of  course,  must  be  completely 
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lined,  and  it  is  sometimes  necessary  to  design  the  lining  to  resist 
external  pressure. 

The  mine  law  of  Pennsylvania  requires  that  slopes  used  as 
traveling  ways  shall  not  be  steeper  than  20  deg.  to  the  horizontal. 
Slopes  used  for  haulage  are  generally  built  at  18  deg.  or  less,  in 
order  that  the  cars  may  carry  a  heaped  load  without  danger  of 
lumps  rolling  off.  This  means  that  for  every  foot  of  depth  of 
the  coal  below  the  surface,  3*4  feet  of  slope  must  be  driven  and 
lined.  It  follows  that  this  extra  investment  must  be  weighed 
against  the  decreased  operating  cost  of  slope  over  shaft,  and 
further,  that  at  a  certain  depth  the  slope  ceases  to  be  economical. 
This  depth  is  variously  placed  by  different  engineers  and  for  dif¬ 
ferent  conditions  at  from  100  to  300  ft.  vertically. 


Besides  the  interest  on  the  investment,  and  the  amortization 
due  to  the  exhaustion  of  the  coal,  we  must  charge  against  the 
slope,  the  extension  of  the  construction  period,  due  to  the  time 
required  to  sink  the  extra  distance,  and  the  consequent  interest 
charges  during  this  period.  In  its  favor  we  must  consider,  not 
only  the  direct  labor  saving  due  to  the  elimination  of  caging  cars 
and  hoisting  men,  but  the  greater  safety  where  men  can  walk  out 
of  the  mine,  and  the  facility  with  which  men  and  supplies  can  be 
sent  in  without  interference  with  the  regular  hoisting  of  the  coal. 

SECONDARY  OPENINGS 

In  most  states  the  law  requires  at  least  two  openings,  so  as  to 
provide  a  way  of  escape  in  case  of  accident  to  the  hoisting 
apparatus,  or  other  danger.  One  opening  is  used  mainly  for  the 
hoisting  of  coal,  and  the  other  for  introducing  the  ventilating 
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current.  The  second  opening,  if  a  shaft,  must  be  equipped  with  a 
hoist,  which,  when  not  in  use  for  hoisting  men,  is  available  for 
lowering  material  or  hoisting  refuse.  At  some  large  mines  it  is 
necessary  to  have  three  shafts.  One  is  used  exclusively  for  hoist¬ 
ing  coal,  though  it  may  contain  an  emergency  stair  compartment. 
The  second  is  used  for  hoisting  men,  mules,  material,  rock,  etc., 
while  the  third  is  an  airway.  This  air  shaft  should  be  circular 
in  section,  because  that  is  the  shape  of  least  periphery  for  given 
area,  and  therefore  offers  the  least  frictional  resistance  to  the  flow 
of  the  ventilating  air  current,  and  costs  the  least  for  sinking  and 
lining.  The  hoisting  shafts  which  must  accommodate  the  cages 
do  not  readily  lend  themselves  to  this  form. 

In  cases  near  the  critical  depth  for  slopes  the  best  practice  is 
to  put  down  a  vertical  air  shaft  with  emergency  hoist,  and  drive 
a  slope  for  the  main  opening,  the  latter  preferably  having  a  parti¬ 
tioned  manway  at  one  side. 

SHAFTS 

Shafts  of  circular  cross  section  are  most  used  in  Europe  for 
all  purposes,  for  the  reason  that  the  deep  shafts  there  have  to 
withstand  great  external  pressures,  and  the  mine  cars  are  much 
smaller  than  ours.  Until  very  recently  all  shafts  were  lined  with 
timber,  and  many  are  still  so  built,  but  concrete  is  fast  displacing 
the  less  durable  material.  Fig.  6  is  an  illustration  of  the  use  of 


Fig.  6.  Cross  Section  of  Shaft. 
Filbert  Mine.  H.  C.  Frick  Coke  Co. 
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this  material,  as  well  as  of  the  peculiar  shape  adopted  where  con¬ 
crete  is  used.  The  design  of  shaft  linings  has  recently  been  dis¬ 
cussed  at  length  before  this  Society  by  the  writer.* 

On  account  of  the  fact  that  hoisting  in  a  shaft  is  necessarily 
intermittent,  the  shaft  may  limit  the  capacity  of  the  mine.  1  he 
design  of  the  mine  car  should  be  first  determined  and  the  dimen¬ 
sions  of  the  shaft  made  to  correspond.  The  car  must  be  propor¬ 
tioned  in  many  cases  to  suit  conditions  underground,  such,  for 
instance,  as  low  coal,  or  the  requirement  that  the  miners  must  push 
the  car  to  the  face.  Cars  of  4-tons  capacity  are  often  used,  though 
at  most  mines  the  cars  are  smaller.  Two  tons  is  a  common  size. 
Many  operators  are  of  the  opinion  that  cars  should  be  limited  to 
3-tons  or  under,  even  where  the  clearances  would  permit  larger 
cars,  on  account  of  the  difficulty  of  handling  the  large  cars  under¬ 
ground. 

The  cage  platform  must,  of  course,  be  long  enough  and  wide 
enough  to  accommodate  the  car,  and  there  should  be  about 
4  in.  clearance  between  the  edge  of  the  platform  and  the  side  of 
the  shaft.  This  side  should  be  smooth,  straight  and  parallel  to 
the  edge  of  the  cage.  The  capacity  of  the  shaft  will  depend  on  the 
depth  and  the  time  required  for  caging.  With  self-dumping 
cages,  four  hoists  per  minute  have  been  made  from  shafts  400  ft. 
deep,  but  this  rate  can  rarely  be  maintained  steadily.  T  he  reliable 
capacity  can  be  increased  by  the  installation  of  automatic  devices 
for  caging  at  the  shaft  bottom,  as  will  be  more  fully  explained 
later.  Where  very  large  output  is  required,  two  or  more  cars 
may  be  hoisted  at  one  time.  In  Europe,  double  track  and  double 
and  triple  deck  cages  are  frequently  used  in  deep  mines,  so  that 
as  many  as  12  very  small  cars  may  be  hoisted  at  once.  This  prac¬ 
tice  is  not  at  all  suited  to  our  conditions,  however.  Although 
multiple-deck  cages  have  been  used  in  this  country,  1  do  not  think 
they  are  economical.  Certainly  not  when  no  more  than  two  cars 
are  to  be  hoisted  at  once.  This  can  be  much  better  done  by  plac¬ 
ing  the  two  cars  on  the  cage  tandem.  The  operation  of  caging 
with  this  arrangement  is  then  exactly  the  same  as  in  the  case 
of  one  car,  and  requires  no  more  time. 

The  actual  output  of  the  shaft  is  often  limited  by  the  haulage. 

♦Design  of  Mine  Shaft  Linings,  Proceedings,  Engrs.’  Soc.  West.  Pa . 
1913,  Vol.  29,  p.  569. 
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It  is  not  uncommon,  after  the  active  workings  have  been  extended 
far  from  the  shaft,  for  one  or  two  hours  to  elapse  in  the  morning 
before  the  haulage  motors  can  make  their  first  round  trip  and 
begin  to  deliver  the  coal  regularly.  During  this  time  the  hoist, 
and  consequently  the  entire  surface  plant,  may  be  idle.  The 
proper  preventive  for  this  condition  is  to  provide  storage  tracks 
at  the  foot  of  the  shaft  for  sufficient  cars  to  occupy  the  hoist  for 
this  period.  A  corresponding  empty  storage  should  be  provided, 
and  this  should  be  arranged  as  a  part  of  the  original  plant  design. 
It  is  customary  to  place  this  landing  in  the  form  of  a  double  track 
at  the  shaft,  where  the  heading  is  usually  about  18  ft.  wide  and 
arched.  It  is  not  necessary  to  thus  arch  the  entire  landing, 
however,  as  the  tracks  may  diverge  a  short  distance  from  the  shaft 
into  a  pair  of  ordinary  single-track  headings  in  the  coal.  These 
may  be  separated  by  a  thin  rib,  if  protected  by  adequate  barrier 
pillars  on  each  side.  The  provision  for  adequate  storage  at  the 
foot  of  the  shaft  may  mean  the  acquisition  of  more  mine  cars  than 
would  otherwise  be  necessary,  but  as  these  cars  will  prove  the 
cheapest  form  of  storage,  and  this  storage  will  go  a  long  way 
towards  taking  up  the  lost  motion  in  the  dependent  sequence  of 
mining,  as  explained  later,  the  investment  will  be  amply  justified. 
Another  advantage  of  ample  car  storage  space  at  this  point  is  that 
it  amply  provides  for  mining  by  the  night  shift,  which  can  haul 
and  store  its  coal  here.  The  remainder  of  the  space  is  filled,  of 
course,  by  the  last  trips  of  the  day  shift. 

CAPACITY 

Before  the  design  proper  can  proceed  the  output  of  the  pro¬ 
posed  mine  must  be  determined.  The  expected  annual  tonnage 
will  probably  have  been  decided  in  the  early  stages  of  the  financ¬ 
ing  before  the  engineer  is  called  in.  The  mine  capacity  will  prob¬ 
ably  be  spoken  of  as  so  many  tons  per  day,  being  1/300  of  the 
annual  expectation.  It  must  be  remembered,  however,  that  this 
figure  is  merely  an  average.  Its  relation  to  the  actual  maximum 
daily  capacity  is  dependent  on  the  number  of  idle  days  and  short 
days  in  the  year,  which  may  be  due  to  such  contingencies  as 
strikes,  car  shortage,  poor  market  conditions,  accidents,  etc.  In 
order  to  realize  the  annual  output  desired,  it  is  necessary  to  pro- 


WELDIN’ — DESIGN  OF  BITUMINOUS  MINING  PLANTS 


G35 


portion  the  plant  to  a  daily  capacity  sufficient  to  allow  for  these 
contingencies.  Of  course,  such  allowance  must  always  remain 
largely  a  matter  for  individual  judgment,  although  light  can  often 
be  thrown  on  the  question  by  records  of  actual  performance  of 
mines  in  the  same  district. 

This  arbitrary  fixing  of  the  daily  capacity  is  a  matter  of  im¬ 
portance.  The  number  of  employes  to  be  housed,  the  number  of 
mining  machines,  haulage  locomotives,  etc.,  required,  the  capacity 
of  the  power  plant,  water  supply  system  and  other  principal  items 
will  depend  on  the  greatest  output  to  be  handled  in  one  day, 
rather  than  on  any  average  figure.  A  consistent  and  economical 
design  demands  that  all  these  parts  be  proportioned  to  the  same 
capacity. 

Similarly  there  are  numerous  contingencies  to  be  provided 
for  in  the  regular  routine  of  a  full  day.  The  effect  of  these 
minor  contingencies  can  best  be  realized  by  remembering  that 
the  whole  process  of  producing  coal  tends  to  form  a  dependent 
sequence  of  operations.  The  coal  cannot  be  hoisted  until  it  has 
been  hauled  to  the  opening.  The  cars  are  not  ready  to  haul  until 
they  have  been  gathered  from  the  various  working  places  and 
coupled  into  trains.  They  cannot  be  gathered  until  the  miners 
have  loaded  them.  The  miners  cannot  load  them  until  they  have 
received  the  empty  cars.  This  again  depends  on  the  haulage, 
and  so  forth.  Thus  a  delay  to  any  one  of  these  operations  may 
affect  all  the  others.  In  other  words,  the  overall  efficiency  of 
such  a  dependent  sequence  is  necessarily  low,  even  though  the 
efficiency  of  each  of  the  individual  items  be  high.  To  illustrate: 
Suppose  a  dependent  sequence  of  five  terms,  each  having  an 
efficiency  of  90  percent.  The  overall  efficiency  is  only  about  59 
percent. 

Such  units  as  shaft  hoists,  tipple  screens,  conveyors,  etc.,  are 
commonly  given  an  hourly  rating.  This  is  a  matter  of  conveni¬ 
ence  in  figuring,  as  the  units  are  really  proportioned  for  the 
maximum  they  are  expected  to  handle  at  any  moment.  While 
no  universal  rule  may  be  laid  down,  it  is  safe  to  say  that,  in 
general,  mines  should  not  be  counted  upon  to  run  more  than  250 
days  per  year,  including  short  days.  The  hoist  and  surface  plant 
should  be  able  to  handle  in  six  hours  the  entire  output  of  a  mine 
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working  eight  hours.  Suppose,  for  instance,  that  a  mine  is  ex¬ 
pected  to  produce  600  000  tons  per  annum.  It  may  be  considered 
to  average  2400  tons  per  day  for  250  days.  The  actual  daily  out¬ 
put  may  be  assumed  to  vary  from  a  maximum  of  say  3000  tons, 
which  the  surface  plant  could  handle  in  six  hours,  at  the  rate  of 
500  tons  per  hour.  These  figures  are,  of  course,  used  here  as 
illustrations  merely,  although  they  are  believed  to  fairly  represent 
conditions  in  most  mining  districts. 

There  are  mines  of  all  capacities,  from  one  car  to  8000  or 
10  000  tons  per  day.  The  tonnage  that  can  be  brought  out  of  one 
opening  with  greatest  economy  in  a  given  case  depends  on  a 
variety  of  factors,  such  as  the  area  of  coal  tributary,  market  con¬ 
ditions,  etc.  But  one  factor  is  always  present,  that  is  the  extreme 
difficulty  of  supervision  of  the  underground  processes  as  com¬ 
pared  with  those  of  other  industries.  For  this  reason,  the  organi¬ 
zation  should  not  be  so  large  but  that  the  mine  foreman  can  keep 
in  personal  touch  with  his  entire  force.  The  trend  seems  to  be 
toward  increased  output,  but  I  agree  with -those  who  hold  that 
above  3000  to  5000  tons  per  day  the  organization  becomes  too 
unwieldy  for  economical  management,  especially  if  the  product 
must  all  be  passed  through  a  single  opening. 

LOCATION  MAP 

If  a  drift  opening  is  feasible,  especially  if  it  can  be  placed  at 
tipple  height,  above  the  loading  tracks,  we  are  indeed  fortunate. 
Failing  this,  we  select  a  slope  or  shaft,  as  the  case  may  require, 
and  having  determined  the  number  of  openings  and  their  loca¬ 
tion,  and  the  capacity  of  the  plant,  we  prepare  the  location  map. 
This  should  be  accurately  drawn  to  a  scale  not  less  than  1  in.  = 
50  ft.,  and  should  be  plotted  from  coordinates  on  mounted  paper. 
The  map  is  not  to  be  confused  with  the  general  map  of  the  field, 
already  referred  to,  which  will  probably  be  on  a  much  smaller 
scale.  The  latter  map  covers  the  entire  field,  while  the  location 
map  only  includes  that  area  required,  or  likely  to  be  required  for 
the  surface  plant. 

The  map  should  show  complete  topography  plotted  from 
surveys,  all  roads,  streams,  existing  structures,  outcrops,  survey 
base  lines,  monuments,  bench  marks,  etc.  To  obtain  the  full  bene- 
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Fig.  7.  Electric  Locomotive  With  Trip  Emerging  from  Mine. 


fit  of  this  map  it  should  be  used  both  to  project  the  location  of 
all  plant  features  and  to  officially  record  everything  built.  1  he 
principal  underground  features,  as  well  as  all  surface  structures, 
road  and  stream  changes,  sewers  and  pipe  lines,  should  be  indi¬ 
cated,  especially  the  location  of  all  hydrants,  valves,  and  connec¬ 
tions  with  buried  pipe  lines  should  be  recorded.  It  is  recom¬ 
mended  that  studies  be  made  in  pencil  on  the  map  covering  all 
principal  features  before  any  are  built,  so  as  to  assure  the  best 
utilization  of  the  area  available.  When  any  unit  has  been 
officially  located,  it  may  be  shown  in  pencil  on  a  tracing  of  the 
map,  and  a  print  issued  by  way  of  instructions  to  the  field  engi¬ 
neers. 

Only  after  the  structure  has  been  actually  built  should  it  be 
permanently  recorded,  and  then  it  should  be  plotted  on  the  map 
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from  survey  notes.  The  value  of  such  an  accurate  record  to  the 
mine  operator  is  great. 

HAULAGE  TERMINUS 

In  studying  the  plant  layout,  the  point  of  attack  should  be 
at  the  point  of  delivery  of  the  coal  above  ground.  The  treat¬ 
ment  will  depend  on  the  mode  of  delivery. 

It  is  mainly  a  question  of  whether  the  cars  arrive  at  the  end 
of  the  haulage  in  trips,  as  by  motor,  see  Fig.  7,  or  tail  rope ;  in 
small  groups,  as  frequently  with  endless  rope  or  gravity  plane; 
or  singly  in  a  continuous  stream  as  by  chain  haul.  It  is  often  a 
serious  matter  to  provide  proper  landings  for  motor  trips  so  that 
no  delay  will  occur  at  this  point.  If  the  entire  landing  must  be 
on  one  side  of  the  delivery  point,  it  is  well  to  have  three  tracks 
as  nearly  straight  as  possible,  each  being  long  enough  to  contain 
about  one  and  one-third  trips.  The  middle  track  is  usually 
provided  for  the  light  motor  to  run  from  the  head  of  the  loaded 
trip  to  the  head  of  the  empty  trip.  In  this  case,  if  the  cars  are 
to  be  fed  mechanically  to  the  dump  (and  this  should  be  done  if 
the  capacity  is  to  be  large)  the  landing  should  be  level,  or  nearly 
so.  When  an  empty  trip  can  be  landed  on  the  opposite  side  of 
the  delivery  point  from  the  loads,  as  generally  at  the  foot  of 
shafts,  the  best  conditions  can  be  obtained  by  providing  a  grade 
in  favor  of  the  movement  of  cars. 

An  endless  chain  haul  long  enough  to  engage  at  least  two 
cars  is  usually  used  to  feed  the  trips.  The  hooks  on  the  chain 
should  be  so  spaced  that  the  travel  will  be  a  minimum  after  the 
pulling  hook  has  rounded  the  head  sprocket  before  the  next  hook 
takes  up  the  load.  The  advantage  of  the  favorable  grade  lies  in 
the  fact  that  the  trip  will  drift  appreciably  in  this  interval,  thus 
preventing  shock  on  engagement  of  the  hook.  The  grade  should 
be  less  than  one  percent  in  order  to  insure  that  the  trip  will  not 
surge  forward,  taking  up  slack  and  so  increasing  the  interval  and 
shock  referred  to.  Trip  pullers  have  been  installed  which  oper¬ 
ate  on  unfavorable  grades,  but  it  is  generally  agreed  that  it  pays 
to  go  to  considerable  trouble  and  expense  to  avoid  such  unfavor¬ 
able  conditions  when  possible. 

A  similar  chain  haul  is  used  to  make  up  empty  trips.  This 
device  also  frequently  serves  to  elevate  the  cars  after  a  gravity 
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Fig.  8.  Lower  End  of  Chain  Haul,  Lilley  Coal  &  Coke  Co. 

Length  454  Ft.  Slope  18  Deg.  Capacity  3/2  Cars  Per  Min. 

2'/2  Tons  Each. 

Links  “2  and  1” — 5  In.  by  \/2  In.  and  5  In.  by  3  In. 

run.  The  best  practice  is  to  place  the  haul  on  a  vertical  curve 
of  long  radius,  and  to  provide  a  tilting  hook  on  each  alternate 
link.  The  cars  then  gravitate  singly  part  way  up  the  incline  and 
come  to  rest  against  the  nearest  hook  with  practically  no  shock. 
The  car  is  then  elevated  and  pushed  ahead  at  the  top,  coming  into 
contact  with  the  cars  already  placed  and  pushing  the  trip  ahead 
one  length.  The  grade  should  he  slightly  favorable,  if  possible, 
for  reasons  already  mentioned.  A  gravity  grade  may  cause  the 
trip  to  get  out  of  control,  and  if  the  grade  he  unfavorable  the  trip 
must  be  prevented  from  running  back  by  stationary  dogs,  and  the 
full  load  is  suddenly  applied  each  time  a  car  comes  in  contact 
with  the  trip.  If  this  load  be  too  great  there  is  danger  of  buckling 
the  cars  oft  the  track.  The  same  is  true  if  there  are  curves  in  the 
landing,  unless  these  are  of  very  long  radius.  These  troubles  are 
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Fig.  9.  Self-Dumping  Cage.  Erected  in  Shop. 

accentuated  when  the  design  of  the  mine  car  is  unfavorable. 
Above  all,  it  should  never  be  attempted  to  handle  trips  mechan¬ 
ically  when  the  profile  admits  of  the  possibility  of  alternate  pull¬ 
ing  and  retarding  being  necessary. 

The  inclined  plane  and  chain  haul  are  devices  that  are  so 
well  known  and  understood  that  it  is  not  necessary  to  dwell 
on  them  here.  The  design  of  these  units  depends  on  well- 
recognized  principles  and  the  engineering  practice  is  fairly  well 
standardized.  Chain  hauls  should  always  be  provided  with  trip 
pullers  and  makers,  and  the  main  drive  should  include  an  adequate 
ratchet  and  silent  pawl.  For  slopes  the  chain  haul  is  limited  on 
account  of  the  great  increase  in  weight  of  chain  as  the  length 
increases.  Hauls  of  700  to  800  ft.  length  have  been  installed, 
however. 

In  order  to  increase  the  available  length  and  decrease  the 
cost  of  such  hauls,  certain  manufacturers  have  substituted  wire 
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Fig.  10.  Self-Dumping  Cage.  Dumping  Position  in  Tipple. 

rope  for  the  chain,  the  hooks  being  carried  on  small  trucks 
clamped  to  the  rope.  These  trucks  have  four  flanged  rollers  each, 
and  between  them  are  mounted,  at  suitable  intervals,  two-roller 
clamps  which  support  the  rope  and  serve  to  transmit  the  power  to 
it  by  engaging  the  drive  sprocket  through  suitable  gaps  in  the 
rim.  Instead  of  having  an  independent  haul  for  returning  the 
empties,  as  is  necessary  when  chains  are  used,  the  return  strand 
is  used  for  this  purpose. 

Earlv  installations  of  this  character  were  often  unsatisfac- 

J 

tory,  the  difficulty  being  due  to  slipping  of  the  clamps  and  stretch¬ 
ing  of  the  rope.  I  am  informed  that  these  troubles  have  been 
overcome  bv  substituting  an  iron  core  for  the  hemp  center  for¬ 
merly  used  in  the  rope,  and  by  using  a  double  lay.  The  sprocket 
is  provided  with  an  expansion  rim,  and  other  improvements  are 
said  to  have  made  this  device  entirely  practicable. 
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g.  12.  Kmpty  Car  Transfer  and  Cager  on  Tipple. 
Annabelle  Mine,  k  our  States  Coal  Coke  Co. 
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TIPPLE 

The  tipple  is  the  most  important  and  distinctive  feature  of 
the  surface  plant.  It  is  actually  a  mechanism  for  preparing  the 
coal,  and  the  quality  of  the  product  is  largely  dependent  on  its 
proper  design  and  construction.  A  most  careful  study  of  the 
coal  and  of  the  market  conditions  should  be  made  before  the 
type  of  tipple  is  determined,  and  elaborate  studies  made  to  fix 
fhe  most  appropriate  arrangement. 

Most  modern  tipples  are  built  of  structural  steel,  though 
there  is  still  frequent  occasion  to  use  timber,  and  a  few  have 
been  built  of  concrete.  Steel  offers  certain  positive  advantages 
that  make  it  a  very  desirable  material.  It  is  incombustible 
(though  not  fireproof)  ;  it  lends  itself  readily  to  the  often  com¬ 
plicated  framing  required ;  and  is  adaptable  to  special  conditions 
requiring  long  spans  and  few  braces.  But  it  is  relatively  expen¬ 
sive,  and  difficult  to  change.  Wood  is  cheaper,  and  in  some 
parts  of  the  coal  fields  more  readily  obtainable.  A  wooden  struc¬ 
ture  is  easily  remodeled,  should  changes  be  desired ;  the  cost  of 
maintenance  and  repairs  is  less,  and  with  ordinary  care  the  life 


Fig.  13.  Steel  Tipple  and  Bin  Destroyed  by  Fire. 
Footedale  Mine,  H.  C.  Frick  Coke  Co. 
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should  be  as  long  as  of  a  steel  one.  The  principal  objection  to 
the  wooden  tipple  is  the  fire  risk  it  entails.  Xot  only  does  the 
operator  risk  the  loss  of  his  investment  in  the  tipple  itself  due  to 
malice  and  more  ordinary  hazards,  but  the  destruction  of  the 
tipple  means  a  far  greater  loss  by  reason  of  the  shutting  down  of 
the  entire  operation.  To  this  may  be  added  damage  to  the  mine 
itself  if  the  tipple  be  over  a  shaft  or  close  to  the  pit  mouth.  In 
such  cases  the  fire  risk  alone  is  sufficient  to  rule  out  this  material. 

However,  I  think  the  difference  between  wood  and  steel  from 
the  point  of  view  of  fire  risk  is  commonly  exaggerated.  A  steel 
tipple  completely  ruined  by  fire  is  shown  in  Fig.  13.  It  took  fire 
in  the  night,  presumably  in  the  room  containing  the  motor  driving 
the  chain  haul.  Before  the  flames  could  be  extinguished  the  entire 
structure  above  the  bin  floor  and  including  the  first  approach 
span  was  a  total  loss.  The  wrecking  of  this  tangled  mass  of 
twisted  steel,  still  firmly  riveted  together,  was  a  matter  of  consid¬ 
erable  expense  and  delay.  The  structure  was  rebuilt  with  con¬ 
crete  floors  and  steel  bin  walls,  but  the  consequent  reduction  of 
the  fire  risk  is  doubtful,  as  there  remains  about  it  a  quantity  of 
highly  combustible  matter  in  the  form  of  coal  dust  and  grease 
from  the  chain  haul. 

The  danger  was  strikingly  shown  in  another  instance  which 
came  to  my  notice.  A  tipple  having  a  chain  haul,  but  no  bin,  took 
fire  during  working  hours  in  the  busy  season  from  a  spark  from 
a  wooden  friction  clutch  block.  The  fire  was  communicated  to 
the  structure  overhead  with  astonishing  speed,  leaping  up  the 
latticed  columns,  and  feeding  on  the  grease  and  dust  like  “wild 
fire  on  a  mountain,”  as  graphically  described  by  one  of  the  work¬ 
men.  The  resulting  tangled  wreckage  showed  very  plainly  how 
vulnerable  this  material  is  to  heat.  The  columns  crumpled  up  to 
two-thirds  of  their  original  height,  although  the  wood  floor  was 
not  burned  through. 

A  wood  frame  in  similar  circumstances,  particularly  if  built 
of  large  pieces  in  the  so-called  slow  burning  type  of  construction, 
would  probably  have  caused  much  less  delay  to  the  mine.  \\  ith 
adequate  fire-fighting  facilities  the  fire  could  be  extinguished 
promptly,  as  it  was  in  this  case,  and  the  timber  found  mainly 
intact,  though  badly  charred.  Wood  burns  from  the  outside  of 
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each  piece  and  a  post  charred  for  a  considerable  depth  will  still 
be  sound  inside  and  not  fail  utterly,  causing  generally  wreckage, 
as  will  a  steel  one. 

Hence  it  seems  to  me  that  in  balancing  the  economies  of  low 
cost  vs.  hre  risk,  as  between  wood  and  steel,  the  former  should 
be  given  more  weight  than  is  usual.  For  those  districts  where 
good  structural  timber  is  readily  available  at  low  cost,  and  where 
the  mine  is  not  endangered,  I  would  use  wood  and  depend  on  an 
adequate  hre  protection  system,  including  automatic  sprinklers. 

In  the  Connellsville  coke  region,  which  is  perhaps  the  district 
having  the  longest  and  most  varied  experience,  and  where  corro¬ 
sion  conditions  are  most  severe,  the  life  of  the  steel  tipple  has 
always  been  considered  unsatisfactory.  Frequent  and  difficult  re¬ 
placements  have  been  the  rule,  especially  above  shaft  openings. 
The  existence  of  older  timber  structures,  whose  repair  was  a 
much  simpler  matter,  rather  accentuated  the  unfavorable  impres¬ 
sion  of  structural  steel  from  the  standpoint  of  life.  For  instance, 
the  tipples  and  bins  at  Standard  and  Mammoth  mines  of  the  H.  C. 
Frick  Coke  Co.,  still  in  service,  were  erected  in  1886. 

Opinion  based  on  this  experience,  however,  should  be  greatly 
modified  by  the  fact  that,  on  the  one  hand,  early  designs  of  steel 
tipples  tended  to  intensify  corrosion  effects,  while  on  the  other 
hand,  the  quality  of  timber,  and  perhaps  of  workmanship  on 
timber  frames,  has  probably  deteriorated.  [Modern  steel  tipples, 
carefully  designed  to  facilitate  cleaning  and  painting,  with  thick 
metal  in  main  members,  no  lattice  or  inaccessible  surfaces,  and 
covered  with  pure  iron  sheathing,  will  undoubtedly  far  outlast 
the  older  types.  How  long,  cannot  be  said. 

It  is  significant  that  the  Frick  Co.  has  adopted  the  policy 
of  encasing  all  of  its  steel  tipples  in  reinforced  concrete.  [Mr.  T. 
W.  Dawson,  Assistant  Chief  Engineer  of  that  company,  informs 
me  that  this  work  is  being  done  at  existing  plants  at  the  rate  of 
four  or  five  structures  each  year ;  that  the  concrete  is  deposited  in 
a  form  supported  by  clamps  to  the  steel  work  ;  and  that  the  cost 
is  $17.00  per  cu.  yd. 

This  is  undoubtedly  a  wise  and  economical  procedure  for 
existing  tipples  and,  in  my  opinion,  points  the  way  to  concrete 
as  the  proper  material  for  all  new  tipples  where  it  can  be  used  at 
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all  conveniently.  The  concreted  steel  tipple  is  precisely  a  rein¬ 
forced  concrete  structure,  except  that  it  is  not  designed  as  such, 
and  certainly  has  much  more  steel  and  probably  much  more  con¬ 
crete  in  it  than  a  rational  design  would  call  for.  In  other  words, 
if  we  are  to  build  in  steel,  and  later  apply  concrete,  why  not  pro¬ 
vide  for  the  two  materials  at  once,  thus  affecting  a  large  saving  in 

first  cost,  and  securing  better  results? 

Another  interesting  sidelight  on  the  matter  of  durability  \\a^ 
furnished  the  writer  the  other  day  by  Mr.  John  I  .  Reese,  General 
Manager  of  the  Superior  Coal  Co.,  Gillespie,  Ill.  Ibis  company 
has  three  steel  tipples  at  shaft  mines,  all  built  in  1904  and  1905. 
They  are  of  heavy  design,  having  been  built  under  railroad  speci¬ 
fications,  though  they  have  latticed  channel  columns.  Mr.  Reese 
informs  me  that  the  tipples  were  found  to  be  badly  corroded  in  a 
few  years,  when  the  corrugated  iron  covering  was  completely  re¬ 
moved,  exposing  the  frame  to  the  wind,  which  keeps  the  coal  dust 
from  collecting  on  the  members  and  retaining  moisture  there. 
This  exposure  also  facilitates  painting,  which  is  done  every  three 
years.  Apparently  the  rapid  corrosion  has  been  checked  by  these 

methods. 

It  seems  to  the  writer  that  concrete  is  the  material  of  the 
future  for  tipple  construction.  \\  ood  rots  and  burns.  Steel  lusts 
and  requires  frequent  painting.  But  concrete  “goes  on  forever. 
This  matter  of  life  is  becoming  of  increased  importance,  as  deeper 
mining  becomes  necessary  and  greater  tributary  areas  of  coal  are 
required  to  offset  the  increased  cost  of  development.  In  com¬ 
paring  materials  we  must,  of  course,  consider  factors  othei  than 
first  cost.  Against  the  lower  first  cost  of  steel  as  compared  with 
concrete,  we  must  place  the  maintenance  of  the  steel  structure  and 
the  cost  of  renewal.  The  latter  item  is  larger  than  at  tn>t  ap¬ 
pears,  since  it  generally  involves  either  piecemeal  reconstruction 
during  the  operation  of  the  plant,  or  a  shutdown,  which  latter 
entails  losses  of  fixed  charges  on  capital,  salaries,  pumping,  etc., 
during  the  shutdown  period,  besides  the  loss  of  business. 

As  yet,  however,  although  a  number  of  concrete  tipples  have 
been  built,  for  the  most  part  these  have  been  confined  to  bins  and 
shaking  screen  supports,  and  represent  only  a  small  percentage  of 
the  total  construction.  I  he  principal  reasons  for  this  backward- 
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ness  appears  to  be  that  the  use  and  advantages  of  the  material  for 
this  purpose  are  not  well  understood,  that  the  first  cost  is  greater, 
and  that  it  is  not  as  readily  adapted  to  the  function  of  frame  for 
the  numerous  conveyors  and  other  machinery  now  required  in  the 
better  installations. 

There  is  no  doubt  that  structural  steel  has  attained  a  great 
vogue  on  account  of  the  fact  that  the  practice  has  been  so  com¬ 
pletely  standardized  and  set  forth  in  handbooks  universally  under¬ 
stood,  whereas  concrete  labors  under  the  handicap  of  a  general 
misconception  as  to  its  proper  field  of  usefulness,  and  most  of  the 
fundamental  points  in  design  and  construction  are  appreciated 
but  vaguely  by  most  people.  The  confusion  in  the  minds  of  both 
the  layman  and  the  engineer  is  increased  by  sensational  publicity 
anent  “poured”  houses  and  even  furniture  on  the  one  hand,  and 
the  involved  disputes  of  experts  over  theoretical  points  of  design 
on  the  other.  The  popular  idea  that  concrete  is  a  home-made 
mixture  of  almost  anything  provided  it  contains  some  cement,  and 
that  the  mere  addition  of  scrap  iron  is  sufficient  to  transform  it 
into  reinforced  concrete  of  the  most  dependable  properties,  has 
not  entirely  disappeared.  This  state  of  affairs  is  no  doubt  due 
to  the  comparative  youth  of  the  art,  and  will  doubtless  correct 
itself.  A  greater  difficulty  lies  in  the  necessity  of  providing  a 
frame  to  hold  the  operating  parts  in  true  relative  position,  together 
with  the  fact  that  much  conveying  machinery  must  often  be 
crowded  together  while  still  being  accessible.  This  difficulty  is  due 
to  the  limitations  of  dimension,  etc.,  of  the  material.  It  may  be 
overcome  partly,  perhaps,  by  arranging  the  mechanical  units  in 
conformity  with  these  limitations,  but  the  writer  thinks  that,  for 
the  present  at  least,  the  machine  frame  proper  should  still  be  made 
of  steel,  though  supported  on  a  concrete  structure.  That  is,  all  col¬ 
umns,  floor  systems,  tanks,  bins,  etc.,  will  be  of  concrete.  The 
walls  above  the  floor  and  the  roof  may  be  of  steel  if  desired,  as 
they  serve  merely  as  protection  from  the  weather,  and  may  be 
replaced  with  ease  and  without  causing  delay  or  restriction  of 
output. 

The  decision  as  to  whether  to  use  concrete  in  any  particular 
case  should  rest  on  the  question  of  life.  It  is  a  matter  of  economy. 
In  the  foregoing  discussion,  it  has  been  assumed  that  large  mines 
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of  great  expected  life,  say  40  or  50  .years,  are  contemplated. 
Above  all  things,  do  not,  after  deciding  on  concrete,  imagine  that 
it  can  be  built  with  less  engineering  than  other  materials.  Quite 
the  contrary  is  true.  The  structure  must  be  designed  by  a  compe¬ 
tent  engineer,  and  the  field  work  must  be  conscientiously  super¬ 
vised  by  him.  The  latter  is  most  important,  as  the  erection  is 
really  a  process  of  manufacturing  in  place.  However  much  we 
may  believe  in  the  future  of  concrete,  the  fact  remains  that  at 
present  steel  is  the  material  representing  the  bulk  of  the  best 
practice. 

Before  considering  the  design  of  the  tipple  in  detail,  a  word 
on  the  subject  of  design  in  general  may  be  appropriate.  The 
tendency  to  corrosion  at  mines  is  greater  than  in  other  installa¬ 
tions,  particularly  for  structures  over  shafts  or  near  coke  ovens. 
The  difficulty  of  maintenance  is  increased,  and  the  importance  of 
uninterrupted  service  is  greater  than  with  ordinary  structures. 

With  these  facts  in  view,  as  well  as  those  mentioned  under 
fire  risk,  it  is  evident  that  it  is  poor  economy  to  save  on  the  first 
cost  of  a  steel  structure  by  eliminating  weight  that,  properly 
placed,  would  prolong  the  life  of  the  structure.  Extra  thickness 
in  a  member  carrying  principal  stresses  yields  value  in  much 
greater  proportion  than  the  ratio  of  excess  section  to  the  net  sec¬ 
tion  required  by  the  load.  To  illustrate,  suppose  a  column  carries 
a  load  of  91  000  lbs.,  requiring  under  the  specifications,  say  1 
sq.  in.  cross  section,  and  suppose  further,  for  the  sake  of  this 
discussion,  that  the  column  could  lose  2  sq.  in.  of  section  by  cor¬ 
rosion  before  it  would  require  replacement.  That  is  to  say,  5 
sq.  in.  would  just  carry  the  load.  Now  if  the  original  section  be 
increased  to  9  sq.  in.  by  using  thicker  metal,  we  have  provided 
4  instead  of  2  sq.  in.  for  corrosion,  and  have  therefore  doubled 
the  life  by  an  increase  of  about  29  percent  in  weight.  This  does 
not  mean  an  increase  of  29  percent  in  the  cost,  seeing  that  the 
detailing  and  fabrication  remain  the  same,  but  probably  nearer  15 
percent.  Furthermore,  the  value  of  doubling  the  life  is  not  meas¬ 
ured  by  twice  the  first  cost,  because  the  replacement  is  much  more 
expensive  than  the  original  construction.  From  experience  with 
the  repair  of  tipples  which  were  replaced  piecemeal  during  opera¬ 
tion  without  shutting  down,  the  writer  would  say  that  the  cost  of 
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Side  Elevation  Showing  Trestle  Approach,  Shaking  Screens,  Etc. 


Fig.  15.  Tipple  and  Washer.  Borderland  Coal  &  Coke  Co. 
Retarding  Conveyor  Extending  Over  Tug  River. 

Mine  in  Kentucky — Tipple  in  West  Virginia. 

Capacity  200  Tons  Per  Hour.  Length  865  Ft.  Center  to  Center. 


Pig.  16.  Proposed  Tipple  for  a  West  Virginia  Mine. 
\xaniple  of  “Run-of-Mine”  Conveyor  Loaded  Underground  and 

Discharging  in  the  Tipple. 
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Fig.  17.  Shaft  Tipple  at  Annabelle  Mine.  General  View. 


Fig.  18.  Tipple  Serving  Two  Shafts.  Isometric  View. 
Houston  Coal  &  Coke  Co. 
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Fig.  19.  River  Tipple  of  Lilley  Coal  &  Coke  Co. 

Showing  Arrangement  for  Loading  Barges. 

such  replacement  is  about  two  and  one-half  to  three  times  the 
original  cost  per  pound. 

Besides  providing  thick  metal,  the  designer  will  arrange  his 
details  with  a  view  to  facilitating  painting,  eliminating  inaccessible 
places,  such  as  the  backs  of  angles  stich-riveted  together  and 
spaced  by  washers ;  and  avoiding  latticed  members,  unless  the 
lattice  be  so  placed  as  to  allow  of  painting  inside.  He  will,  in 
general,  use  fewer  and  heavier  members,  long  spans  and  simple 
details. 

I  he  illustrations,  bigs.  14  to  17,  inclusive,  show  some  recent 
installations.  These  examples  were  selected  to  show  the  various 
methods  of  bringing  the  coal  to  the  tipple,  as  well  as  to  exhibit 
characteristic  arrangements  of  machinery,  etc.  A  tipple  serving 
two  shafts  penetrating  different  seams  is  shown  in  Fig.  18.  This 
arrangement  allows  for  treating  a  mixture  of  the  two  coals. 
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Fig.  20.  Cross-Over  Dump. 
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DUMPS 

Except  in  cases  where  self-dumping  cages  are  used,  the  coal 
is  emptied  from  the  mine  cars  by  means  of  a  dumping  apparatus. 

In  the  case  of  shaft  mines  the  consensus  of  opinion  among 
mining  men  is  that  for  friable  coal  the  installation  of  platform 
cages,  separate  dumps,  and  the  various  devices  for  automatically 
handling  the  cars,  with  the  extra  structure  required,  is  justified 
by  the  reduced  breakage. 

Figure  20  shows  the  Phillips  patent  cross-over  dump,  a 
standard  piece  of  apparatus  made  in  this  city  and  used  very  gen¬ 
erally  at  mines. 

An  improved  form  of  dump  consists  of  a  cylindrical  frame¬ 
work  surrounding  the  car.  The  rotation  of  this  frame  dumps  the 
coal  sidewise,  a  stationary  plate  preventing  the  coal  from  drop¬ 
ping.  This  dump  has  some  very  considerable  advantages.  Chief 
among  these  is  the  fact  that  the  cars  can  be  built  without  any  end 
gates,  thus  removing  a  source  of  weakness  in  car  construction,  and 
most  important,  removing  a  good  deal  of  the  danger  from  dust  in 
the  mine.  Cars  having  end  doors  cannot  be  made  dust-tight,  and 
they  leak  fine  coal  along  the  haulage  road.  This  coal  becomes 
ground  to  dust,  and  constitutes  the  chief  factor  of  danger  in  explo¬ 
sions.  The  dump  has  large  capacity,  reduces  breakage  if  properly 
designed,  and  can  be  made  to  dump  several  cars  at  once  by  simply 
being  made  long  enough.  Cars  can  also  be  dumped  without  un¬ 
coupling  from  the  trip. 

Cars  with  dumping  bottoms  are  used,  and  these  are  some¬ 
times  arranged  to  discharge  automatically.  The  writer  does  not 
believe,  however,  that  such  cars  are  suitable  for  the  strenuous 
conditions  of  underground  haulage. 

FEEDERS 

All  modern  tipple  apparatus  requires  for  best  results  that  the 
coal  be  fed  to  it  in  a  regular  continuous  stream.  For  this  reason 
the  coal  should  always  he  dumped  into  a  hopper  having  a  mechan¬ 
ical  feeder  at  the  outlet.  This  feeder  may  either  he  of  the  endless 
apron  type,  or  of  the  reciprocating  type.  The  former  is  pre¬ 
ferred,  particularly  for  large  capacities.  The  latter  has  some 
advantages,  however,  in  particular  cases.  With  both  types  the 
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coal  is  allowed  to  flow  through  an  opening  onto  the  feeding  ele¬ 
ment,  which  must  extend  beyond  the  angle  of  repose.  On  start¬ 
ing  the  feeder,  the  feeding  element  carries  the  coal  forward  at  a 
depth  limited  by  the  opening.  It  remains  only  to  drive  the  feeder 
at  the  proper  speed  to  obtain  the  desired  rate  of  uniform  feed. 

COAL  TREATMENT 

The  usual  method  of  treating  the  coal  consists  of  separating 
it  into  commercial  sizes  by  means  of  screens,  of  removing  impuri¬ 
ties  from  the  large  sizes  by  hand  picking,  and  from  the  small  coal 
by  washing.  Apparatus  is  provided  to  load  the  various  sizes  into 
cars  with  minimum  breakage,  and  to  mix  the  different  sizes  in 
various  combinations. 

The  amount  of  screening  and  cleaning  required  can  only  be 
determined  by  a  careful  study  of  the  coal  itself  and  of  the  market 
conditions.  This  study  is  largely  of  a  commercial  nature  and 
really  outside  of  the  scope  of  this  paper,  though  some  remarks  on 
it  may  not  be  out  of  place. 

The  marketing  of  coal  is  in  general  a  strictly  competitive 
business,  and  the  firm  that  can  supply  all  the  wants  of  a  customer 
is  in  a  strategic  position  with  regard  to  that  customer’s  business. 
This  is  particularly  true  with  regard  to  competing  mines  in  the 
same  district.  They  may  be  producing  the  same  coal — that  is, 
from  the  same  seam,  and  known  to  the  trade  by  the  same  name — 
and  be  competing  with  each  other  for  the  same  business,  and  it 
frequently  happens  that  if  one  such  mine  puts  in  a  certain  piece 
of  apparatus  and  uses  it  as  a  selling  point,  the  others  soon  feel 
obliged  to  install  the  same  thing.  This  operates  as  a  reason  for 
going  a  bit  beyond  the  apparent  demand  for  coal  of  particular  size 
and  quality  in  opening  a  new  mine  in  order  to  start  out  ahead  of 
competitors  in  the  race  to  please  the  trade.  This  trade  is  yearly 
becoming  more  particular.  The  custom  of  buying  on  specification, 
deliveries  being  accepted  on  chemical  analysis,  is  a  growing  one. 
Frequently  penalties  are  exacted  in  the  form  of  reduction  of  the 
price  for  ash  in  excess  of  a  certain  specified  maximum.  The 
variety  of  stokers  in  use  is  constantly  increasing.  Many  of  these 
operate  best  on  coal  of  uniform  size.  Some  are  intended  to  burn 
very  fine  coal.  The  use  of  coal  for  special  purposes,  such  as 
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annealing  furnaces,  by-product  coke  ovens,  gas  retorts,  cement 
kilns,  etc.,  is  not  only  growing,  but  the  engineers  engaged  in  these 
industries  are  giving  much  study  to  the  fuel  requirements  and 
constantly  making  more  strict  demands  on  the  mines. 

In  view  of  these  facts,  it  would  seem  to  he  wise  for  the 
management  of  new  mines,  especially  those  entering  the  fuel 
business  and  which  are  intended  for  a  long  life,  to  install  equip¬ 
ment  for  loading  at  least  four  sizes  of  coal,  with  the  screens 
arranged  so  that  the  mesh  may  readily  he  changed  to  suit  future 
requirements.  Conveyors  to  make  all  possible  combinations  of 
these  sizes  should  be  provided,  together  with  cleaning  appliances 
such  that  the  product  can  be  cleaned  to  an  extent  far  beyond  the 
present  actual  requirements.  The  large  sizes  should  he  so  han¬ 
dled  as  to  cause  the  minimum  of  degradation.  With  friable  coal, 
lip  screens  should  be  provided  to  remove  any  fines  made  in  the 
various  processes  just  before  loading. 

The  shaking  screen,  Fig.  21,  is  rapidly  supplanting  the 
gravity  type  in  the  fuel  districts.  It  is  a  very  much  more  efficient 
mechanism.  As  commonly  used,  this  screen  consists  of  a  steel 
chute  with  perforated  bottom,  usually  a  slotted  plate  formed  in 
steps.  I  he  screen  is  suspended  on  adjustable  rods  terminating  in 
bearings  at  each  end,  and  the  screen  is  given  an  oscillating  motion 
bv  means  of  eccentrics  mounted  on  a  rotating  shaft.  The  eccentrics 
are  made  for  adjustable  stroke  and  are  connected  to  the  screen, 
preferably  by  wooden  rods  for  flexibility.  The  screen  is  set  on  an 
inclination  of  from  10  to  15  degrees  with  the  horizontal.  This 
is  not  enough  to  allow  the  coal  to  flow,  except  under  the  force  of 
the  screen  motion.  1  he  effect  is  that  the  coal  rides  on  the  screen 
during  the  forward  portion  of  the  stroke  and  tends  to  remain  in 
place  during  the  backward  portion,  the  screen  slipping  under  it. 
This  action  is  facilitated  by  placing  the  upper  support  of  the 
hangers  to  the  rear  of  the  lower,  so  that  the  arc  of  travel  is 
upward  on  the  forward  and  downward  on  the  return  stroke.  The 
screen  is  so  porportioned  that  the  coal  is  spread  out  thin,  usually 
averaging  about  six  inches  in  depth  at  the  receiving  end.  It 
moves  slowly  over  the  screen  surface,  about  50  ft.  per  min.,  and 
the  separation  is  therefore  most  thorough.  The  eccentric  shaft 
should  run  about  100  r.p.m.  for  the  larger  sizes,  and  about  120 
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Fig.  21.  Shaking  Screens. 


for  the  finest.  From  forty  to  fifty  tons  per  hour  per  foot  in 
width  is  a  fair  rating  for  these  screens.  Of  course,  they  will 
pass  much  more  than  this,  but  in  order  to  secure  the  best  results 
they  should  not  be  loaded  much  beyond  the  above  figures.  Spe¬ 
cial  attention  should  be  given  to  the  discharge  of  the  coal  onto 
the  screens  and  from  the  screens  to  the  next  unit,  in  order  that 
breakage  be  eliminated.  The  lump  coal  should  nowhere  drop 
more  than  4-inches. 

The  screens  should  be  made  in  two  sections  of  exactly  the 
same  weight,  and  having  opposing  motions,  so  as  to  eliminate 
excessive  vibration  of  the  tipple  structure.  Many  engineers 
specify  that  the  drive,  and  in  some  cases  the  screens  themselves, 
shall  be  supported  on  a  structure  entirely  independent  of  the 
remainder  of  the  tipple,  and  nowhere  connected  to  it.  This  is  not 
believed  to  be  necessary,  however,  if  the  screens  are  properly 
balanced.  The  tipple  at  this  drive  should  be  of  rigid  construction, 
preferably  with  diagonal  struts  extending  from  points  as  near  as 


VVKLDIN — DESIGN  OF  BITUMINOUS  MINING  PLANTS 


659 


possible  to  the  eccentric  shaft,  directly  to  the  foundation  and 
anchorage  at  the  ground  level.  Instead  of  being  suspended,  the 
screens  are  often  mounted  on  flanged  rollers,  moving  on  a  level 
or  curved  track.  Either  mounting,  if  properly  driven,  should 
give  good  results. 


PICKING  TABLES 

If  the  larger  sizes  of  coal  are  to  be  hand  picked,  they  will  he 
delivered  from  the  screens  to  the  picking  tables.  These  are 
generally  endless  steel  apron  conveyors.  To  permit  convenient 
picking  from  the  floor,  the  top  of  the  stationary  board,  usually 
placed  over  the  edge  of  the  table,  should  be  about  3- feet  above 
the  door.  Occasionally  picking  is  done  by  men  walking  on  the 
coal.  This  is  recommended,  however,  only  when  there  is  but 


Fig.  22.  Picking  Tables  in  Operation. 
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little  refuse  to  be  removed,  or  when  the  refuse  occurs  only  in 
occasional  cars.  In  these  cases  fewer  men  are  used,  and  they  can 
cover  greater  area,  traveling  with  the  table  when  impurities  are 
found. 

The  principal  requirements  to  he  observed  in  proportioning 
these  tables  are  that  they  shall  not  move  faster  than  about  50  ft. 
per  min.  for  the  best  results,  and  that  the  area  is  such  that  the  coal 
is  spread  out  thin  enough  to  prevent  the  covering  of  some  lumps 
by  others,  that  is,  the  average  thickness  of  the  layer  of  coal  should 
not  be  greater  than  the  diameter  of  the  smallest  lumps. 

When  but  little  picking  is  required,  the  coal  is  sometimes 
picked  as  “run  of  mine.”  This  is  done  by  placing  a  screen  in  the 
delivery  chute,  so  as  to  deposit  the  slack  on  the  bottom.  Another 
expedient  used  where  the  coal  is  to  be  shipped  as  “run  of  mine,” 
and  is  separated  only  for  picking,  is  to  make  two  or  three  sizes, 
each  placed  in  a  separate  compartment  of  the  table.  For  good 
picking,  a  grade  of  egg  size  should  be  made  and  picked  separate 
from  the  lump,  even  though  no  arrangement  is  made  to  ship  the 
-egg.  The  refuse  from  the  picking  tables  is  usually  removed  by 
chutes  or  conveyors  to  suitable  bins  for  disposal. 

The  tables  are  usually  placed  immediately  over  the  tracks,  so 
that  each  may  discharge  directly  into  the  car  on  the  appropriate 
track.  The  cars  are  sometimes  loaded  by  means  of  steel  chutes, 
but  a  recent  improvement  consists  of  a  loading  conveyor  mounted 
on  a  steel  frame,  the  upper  end  of  which  is  supported  on  a  hinge 
shaft,  and  the  lower  is  suspended  from  an  electric  hoist,  so  that 
the  conveyor  can  be  lowered  into  the  car  and  the  coal  first  deliv¬ 
ered  by  the  conveyor  directly  to  the  bottom  of  the  car  with 
almost  no  fall.  As  the  car  fills  up  the  conveyor  is  slowly  hoisted. 
This  greatly  reduces  the  breakage  in  loading  lump  coal,  and  is  so 
much  of  an  improvement  that,  particularly  with  friable  coal,  no 
tipple  can  be  said  to  be  up  to  date  without  this  device,  which  is 
shown  in  Fig.  23. 

It  commonly  happens  in  certain  fields  that  the  slack  or 
smallest  size  is  the  purest  grade ;  although  in  other  fields  the  im¬ 
purities,  being  very  friable,  are  mostly  found  in  this  size.  Again, 
the  refuse  may  be  in  the  form  of  large  pieces  of  rock  or  slate 
adhering  to  the  coal  lumps,  or  there  may  be  a  certain  stratum  in 
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Fig.  23.  Tipple  of  Bottom  Creek  Coal  &  Coke  Co. 
End  View  Showing  Loading  Conveyors,  Lip  Screens,  Etc. 


the  coal  seam  that  regularly  fractures  into  pieces  of  an  inter¬ 
mediate  size.  These  impurities  may  be  very  different  from  the 
coal  itself  in  color  and  specific  gravity,  or  they  may  be  of  the 
so-called  “bone”  variety,  that  is,  a  bituminous  shale,  ranging  from 
a  black  rock  having  only  a  little  tarry  matter  in  it,  to  almost  a  true 
coal,  differing  from  the  main  product  only  in  being  a  trifle 
heavier  and  having  an  inferior  fuel  value.  The  impurities  may 
be  in  separate  pieces,  or  may  adhere  to  pieces  of  good  coal,  and  it 
is  not  uncommon  to  find  three  distinct  and  sharply  defined  kinds, 
as  coal,  bone  and  slate,  all  in  one  lump. 
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The  best  practice  is  now  to  utilize  the  valuable  bone  coal 
removed  at  the  picking  tables,  either  by  burning  it  under  the 
plant  boilers,  or  by  crushing  and  mixing  with  the  slack  coal.  If 
the  latter  is  washed  after  mixing,  the  ash  in  the  slack  as  shipped 
is  controlled.  In  any  case,  the  addition  of  the  bone,  which  is  a 
very  small  percentage  of  the  total  bulk,  does  not  increase  the  ash 
appreciably.  Thus,  not  only  is  a  product  used  which  was  for¬ 
merly  wasted,  but  the  cost  of  disposal  of  such  waste  is  saved.  In 
some  cases,  where  the  slack  is  used  for  making  coke,  the  addition 
of  the  crushed  bone  has  improved  the  quality  of  the  coke  by 
increasing  its  ability  to  withstand  the  load  in  the  furnace. 

In  cases  where  coal  and  refuse  or  bone  adhere  in  the  same 
lump,  the  pickers  are  provided  with  hatchets  to  separate  them,  or 
such  lumps  may  be  thrown  into  the  refuse  and  separated  by  a 
Bradford  breaker  when  there  is  sufficient  difference  in  the  hard¬ 
ness  of  the  two  to  separate  properly. 

On  the  picking  tables  we  deal  with  impurities  easily  visable, 
but  laboratory  tests  are  usually  required  to  determine  the  treat¬ 
ment  necessary,  if  any,  for  the  coal  which  is  too  fine  for  hand 
picking.  The  line  is  usually  drawn  at  two  inches,  pieces  below 
this  being  considered  too  small  for  hand  picking.  Nut  coal  as 
small  as  in.  by  1^  in.  is  sometimes  picked,  though  the  writer 
does  not  believe  such  small  coal  can  be  successfully  cleaned  except 
under  the  most  favorable  conditions,  that  is,  when  the  percentage 
of  such  nut  is  small,  the  amount  of  impurity  low,  and  the  refuse 
of  contrasting  tint,  so  as  to  be  readily  visible. 

WASHING 

If  tests  show  that  impurities  in  the  hue  coal  must  be  removed, 
washing  is  necessary.*  The  first  step  is  to  have  float  and  sink 
tests  made.  Briefly,  these  consist  in  placing  sized  samples  in 
solutions  of  known  specific  gravity  and  weighing  the  portions 
which  float  and  those  which  sink,  and  making  analyses  of  each. 
Such  tests  will  indicate  the  most  economical  point  of  separation. 
This  is  usually  about  1.3  to  1.45.  The  ease  in  washing  will  depend 
on  the  difference  in  specific  gravity  between  the  coal  and  the 

♦Some  attempts,  patterned  after  anthracite  practice,  to  clean  bitu¬ 
minous  coal  by  dry  methods  have  been  made,  but  so  far  as  I  know  without 
signal  success  except  in  the  case  of  the  Ben  E’ranklin  Coal  Co.,  in  Illinois, 
where  a  spiral  separator  is  used. 
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refuse.  In  this  connection,  the  importance  of  proper  sampling 
should  be  emphasized.  The  tests  may  be  entirely  invalidated  if 
made  on  samples  not  truly  representative  of  the  coal.  On  the 
other  hand,  samples  taken  by  men  thoroughly  familiar  with  the 
proper  methods  can  be  depended  upon  to  properly  and  uniformly 
represent  the  coal. 

The  washing  process  is  not  perfect,  some  combustible  matter 
being  found  in  the  refuse  and  some  impurities  in  the  washed  coal. 
Above  a  certain  point  in  each  case,  increased  purity  of  the  washed 
coal  is  obtained  at  the  cost  of  increased  loss  of  coal  in  the  refuse. 
The  aim  is  to  secure  an  economical  balance  between  these  oppos¬ 
ing  conditions.  Ash  reduction  is  the  main  consideration  in  wash¬ 
ing  for  fuel  purposes,  while  sulphur  must  generally  be  removed 
in  preparation  for  the  making  of  metallurgical  coke.  For  these 
two  purpose,  entirely  different  methods  and  apparatus  are  re¬ 
quired. 

The  impurities  found  in  coal  as  it  comes  from  the  mine  are 
from  two  principal  sources;  those  from  adjacent  strata,  which  are 
accidentally  mixed  with  the  coal  through  having  fallen  into  it 
from  the  roof,  or  which  may  be  shoveled  up  from  the  floor,  and 
those  included  in  the  seam  itself.  The  former  include  pieces  of 
slate,  bituminous  shale,  sandstone,  fireclay,  etc.,  while  the  latter 
include  interlaminated  layers  or  bands  of  slate  or  shale,  and 
nodules  of  iron  pyrite,  called  sulphur  balls.  With  the  exception 
of  the  bituminous  shale,  which  may  vary  from  a  rather  heavy 
rock  to  a  low-grade  coal,  with  a  corresponding  variation  in  specific 
gravity,  these  impurities  are  all  heavier  than  the  coal. 

In  washing,  a  device  called  a  jig  is  used,  consisting  essentially 
of  a  screen,  over  which  the  coal  is  passed  in  a  thin  uniform  layer, 
and  a  means  of  producing  an  upward  pulsation  of  water  through 
the  screen.  There  are  many  forms  of  the  device  and  many  ar¬ 
rangements  of  the  essential  parts.  The  majority  of  the  jigs  in 
use,  however,  fall  into  two  classes;  those  in  which  the  screen  is 
stationary  and  the  pulsation  of  the  water  is  induced  bv  a  plunger 
operating  in  a  separate  but  communicating  compartment,  and 
those  in  which  the  screen  itself  moves  up  and  down. 

In  all  jigs  the  actual  separation  is  made  on  the  screen.  At 
each  stroke  the  coal  and  refuse  is  acted  upon  bv  the  water  rushing 
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upward  through  the  screen,  lifting  the  materials  and  allowing 
them  to  fall  back  to  the  screen  again.  The  pulsation  is  regulated 
so  that  it  lifts  the  slate  but  little,  while  the  lighter  coal  is  elevated 
much  more,  the  result  being  a  stratification  of  the  coal  and  slate  on 
the  screen.  The  whole  mass  moves  across  the  screen,  being  sub¬ 
jected  to  a  number  of  pulsations  before  reaching  the  farther  side. 
By  the  time  the  travel  across  the  screen  is  complete  the  slate  is 
all  on  the  bottom  and  the  coal  on  the  top.  The  latter  flows  over  a 
wier,  with  the  stream  of  water,  into  a  settling  tank,  from  which  it 
is  removed  by  a  slow-moving  elevator,  having  perforated  buckets 
to  allow  for  drainage.  The  refuse  is  removed  by  a  variety  of 
devices  and  falls  into  a  tank,  from  which  it  is  reclaimed  by  a 
bucket  elevator. 

The  jig  and  these  two  elevators  form  the  essential  parts  of  a 
washer,  but  as  actually  installed  these  plants  are  much  more  elab¬ 
orate.  The  coal  may  be  crushed  before  washing.  It  is  generally 
placed  in  a  raw  coal  bin,  from  which  it  is  fed  to  the  jigs  by 
feeders.  This  uniformity  of  feed  is  necessary  in  order  to  secure 
the  best  results,  and  the  bin  should  be  large  enough  to  bridge  over 
the  ordinary  irregularities  in  the  supply  of  raw  coal.  If  the  coal 
contains  much  bone  the  refuse  may  be  rewashed  in  separate  jigs. 
This  is  also  done  in  washing  coal  preliminary  to  coking,  particu¬ 
larly  for  metallurgical  coke  requiring  a  low  sulphur  limit.  In 
other  words,  rewashing  is  resorted  to  in  difficult  cases.  The 
washed  coal  is  stored  in  bins  to  allow  for  further  draining.  At 
coke  plants  these  bins  serve  the  purpose  of  securing  regularity  in 
the  charging  of  ovens.  A  large  capacity  is  usually  required  to  allow 
sufficient  draining  time.  Where  the  washed  coal  is  to  be  used  for 
fuel  it  is  customary  to  separate  it  into  sizes,  each  of  which  is 
stored  in  a  separate  bin.  This  separation  is  best  done  on  shaking 
screens.  A  strong  spray  of  water  is  played  on  the  screens  to 
insure  perfect  separation.  The  coal  as  delivered  by  the  elevators 
is  still  wet  enough  to  be  sticky  and,  without  the  water  spray,  much 
fine  coal  would  adhere  to  the  lumps.  By  lumps  we  do  not  mean, 
of  course,  large  lumps.  It  is  not  customary  to  wash  lump  coal, 
which  can  be  better  cleaned  by  picking.  The  lumps  in  the  washed 
coal  are  generally  of  egg  size,  say  from  3^  in.  to  1%  in.  diam¬ 
eter.  Nut  coal  is  usually  made,  being  from  1%  in.  to  Y  in.  These 
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Fig.  24.  Spiral  Lowering  Chute  for  Filling  Bins. 

sizes  are  used  as  illustrations  merely,  the  actual  perforations  of 
the  screens  differing  widely  in  different  districts. 

The  fine  coal,  or  slack,  is  passed  over  a  very  fine  screen, 
which  removes  the  water  and,  of  course,  some  fine  coal.  This  is 
returned  to  a  settling  tank,  called  the  sludge  tank,  from  which  the 
fine  coal  is  reclaimed  by  a  perforated  elevator  and  placed  with  the 
slack.  As  the  coal  is  drawn  from  the  bins  into  railroad  cars  it  is 
again  sprayed  over  lip  screens  to  remove  any  fines  made  in  the 
bins,  the  water  and  fines  being  returned  to  the  washed  coal  set¬ 
tling  tank. 

To  prevent  breakage  in  filling  the  bins,  a  spiral  chute,  Fig.  24, 
is  used.  The  pitch  is  such  as  to  cause  the  coal  to  barely  flow  on 
the  outermost  helix,  while  every  other  element  is  much  steeper. 
The  coal  following  these  steeper  paths  acquires  enough  velocity  to 
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send  it  outward  under  the  action  of  centrifugal  force,  where  the 
velocity  is  checked.  The  general  arrangement  of  a  washing  plant 
is  shown  in  Fig.  25. 

Conveyors  of  various  types  are  much  used  in  modern  tipples 
and  washers.  They  often  deliver  the  coal  to  the  tipple,  take  fuel 
to  the  boiler  house,  remove  refuse,  and  distribute  the  various  sizes, 
so  as  to  load  the  mixtures  required  by  the  trade.  The  proper  de¬ 
sign  of  these  units  is  of  great  importance,  but  the  subject  is  too 
large  for  treatment  in  this  place.  For  tipple  purposes,  the  convey¬ 
ing  machinery  should  have  a  wide  margin  of  strength  and  dura¬ 
bility.  Gear  tooth  pressures,  chain  stresses,  etc.,  should  be  lower 
than  is  common  practice,  on  account  of  the  nature  of  the  service. 
Belt  conveyors  are  not  looked  upon  with  favor  on  account  of  the 
more  frequent  renewals  required.  Coal  is  generally  carried  in 
either  pan  or  scraper  type  conveyors,  which  may  be  divided,  so  as 
to  carry  two  or  more  grades  at  once.  The  scrapers  frequently 
deliver  on  both  strands.  Ruggedness  and  simplicity  should  be 
the  designer’s  watchwords. 
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STORAGE  BINS 

A  typical  installation  in  the  Connellsville  coke  region  is  shown 
in  Fig.  26.  The  large  bin  is  the  principal  feature.  It  is  also 
characteristic  of  the  Connellsville  region,  being  rectangular  in 
shape  and  filled  by  gravity.  In  the  Connellsville  basin  proper,  the 
coal  makes  perfect  metallurgical  coke  just  as  it  comes  from  the 
mines.  It  is  free  from  impurity,  soft  and  finely  divided.  The 
only  requirement  at  the  tipple  is  sufficient  storage  to  insure  the 
regular  charging  of  the  ovens  at  the  end  of  the  drawing  period 
and  to  allow  of  hoisting  during  the  regular  working  period.  For 
this  purpose,  large  bins  have  always  been  a  feature  of  this  district. 
They  were  formerly  built  of  wood  flat  bottomed  and  having  many 
gates  for  emptying.  \\  hen  steel  came  to  be  used  it  was  naturally 
substituted  for  the  customary  timbers  in  the  form  of  beams,  in 
spite  of  the  fact  that  circular  plate  construction  is  much  more 
economical  for  gravity  filled  bins,  and  in  many  cases  a  suspension 
type  filled  by  a  conveyor  would  be  still  more  economical.  The 
latter  was  often  ruled  out  because  it  involves  a  mechanical  unit  to 
maintain.  The  bin  shown  in  Fig.  2?  is  an  improvement  on  the 
type  formerly  used  in  that  the  sides  are  composed  of  horizontal 
instead  of  vertical  beams,  which  transmit  the  horizontal  thrust 
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Fig.  26.  Tipple  and  Bin  Typical  of  Coke  Region. 
Phillips  Mine,  H.  C.  Frick  Coke  Co. 
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Fig.  27.  Recent  Improved  Design  of  Tipple  and  Bin. 
Isabella-Connellsville  Coal  &  Coke  Co. 


from  the  buckle  plates  forming  the  walls  to  vertical  trusses  at  the 
panel  points.  At  the  corners  the  reactions  of  these  beams  in  one 
plane  are  taken  by  those  in  the  other.  This  arrangement  admits- 
of  using  beams  of  decreasing  weight  from  the  bottom  to  the  top,, 
and  also  of  placing  them  farther  apart.  The  trusses  are  made 
to  act  as  columns,  and  there  is  no  bracing  whatever  inside  of  the 
bin.  A  system  of  bracing  across  the  top,  and  of  connections  to* 
the  plate  bottom,  transmit  all  stresses  to  the  large  plate  girders- 
forming  the  sides.  The  writer  could  never  understand  the  custom 
of  placing  diagonal  braces  outside  the  studs  of  a  bin  formed  of 
buckle  plates  riveted  to  studs.  What  could  be  better  braced  than 
such  a  continuous  and  perfectly  stiffened  system? 

This  bin,  like  all  of  the  more  recent  designs,  is  self-emptying,, 
being  hoppered  to  six  undercut  gates  in  the  bottom.  The  capacity 
is  1200  tons.  An  unusual  feature  results  from  the  limited  space, 
necessitating  the  placing  of  one  of  the  yard  tracks  under  the  larry 
floor.  The  steel  over  this  track  is  protected  from  the  locomotive- 
blast  by  a  reinforced  concrete  slab. 

The  tipple  and  bins  shown  in  Fig.  28  are  offered  as  a  sugges¬ 
tion  for  improved  practice.  This  is  a  study  of  a  tipple  mainly  in 
concrete  to  meet  the  unusual  conditions  at  the  plant,  Fig.  27.  It 
is  intended  that  the  bins  and  their  supporting  structure  be  built  of 
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Fig.  28.  Tipple  and  Bin — A  Study  in  Concrete  Design. 

reinforced  concrete  along  well-established  lines  of  practice.  The 
headframe  may  be  built  of  light  latticed  steel,  having  no  excess 
thickness  over  the  stress  requirements,  but  strong  enough  to  take 
the  live  load.  If  necessary  for  speedy  construction,  this  frame 
could  be  used  the  first  season  without  any  concrete.  The  latter 
would  be  applied  in  forms  clamped  to  the  steel,  thus  eliminating 
expensive  falsework.  It  would,  of  course,  be  of  sufficient  thick¬ 
ness  to  prevent  spalling  off,  and  would  be  properly  reinforced 
with  wire  mesh  for  the  same  purpose.  Between  the  latticed  por¬ 
tions  of  the  columns  the  concrete  would  be  solid  and  of  sufficient 
dimensions  to  support  its  own  weight.  Diagonal  wind  braces  of 
adjustable  rods  would  be  provided  in  connection  with  the  steel 
frame,  and  these  would  not  be  covered,  reliance  being  placed  on 
the  gusset  plates  at  the  intersections  and  on  substantial  knees  in 
the  concrete,  or,  if  preferred,  the  rods  could  be  retained  as 
integral  parts  of  the  finished  structure,  provision  being  made  at 
the  joints  for  easy  renewal.  The  house  over  the  bins  could  be 
formed  of  light  steel  frame  supporting  metal  lath,  on  which  con¬ 
crete  could  be  plastered. 
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POWER  PLANT 

Coal  mining  is  essentially  a  mechanical  process.  Power  is 
required  for  cutting  the  coal,  hauling  it  underground,  hoisting  it 
to  the  surface,  preparing  it  for  market,  and  loading  it  into  cars, 
for  pumping  out  the  mines,  ventilating  them,  supplying  the  town 
with  water  and  light,  for  manufacturing  coke,  and  for  numerous 
other  purposes.  The  nature  of  these  demands  affects  the  design 
of  the  power  plant.  On  account  of  the  great  importance  of  con¬ 
tinuous  service  of  the  ventilating  fan,  and  of  reliability  of  the 
hoist  in  deep  shaft  mines,  many  mining  men  insist  that  these  units 
be  driven  directly  by  steam  engines,  so  that  as  few  parts  as  pos¬ 
sible  be  interposed  between  the  boiler  and  the  fan  wheel  or  hoist 
drum.  The  great  convenience  of  electric  motors  for  driving  the 
various  scattered  units  of  the  surface  plant  point  to  the  use  of  this 
form  of  power  distribution,  while  the  dangers  of  electricity  in 
deep  gaseous  mines  have  frequently  dictated  the  use  of  com¬ 
pressed  air  systems  underground.  The  result  is  that  we  must 
sometimes  provide  all  three  forms  of  power  in  the  same  plant. 

In  the  matter  of  efficiency,  the  mine  generating  station  must 
always  lag  behind  the  best  practice,  because  of  the  relative  cheap¬ 
ness  of  fuel  at  the  mine.  It  is  coming  to  be  realized,  however, 
that  coal  costs  money  even  at  the  mine,  that  there  is  a  great  differ¬ 
ence  in  the  amount  required  to  generate  power  depending  on  the 
equipment  and  management,  and  that  this  difference  results  in 
more  coal  available  for  sale. 

It  is  now  customary  to  install  water  tube  boilers  in  large 
units,  fired  by  mechanical  stokers,  which  are  fed  by  conveying 
systems  and  overhead  bunkers.  Exhaust  steam  feed  water  heaters 
are  employed.  Individual  steel  stacks  are  frequently  used, 
although  the  large  corporations  are  installing  brick  stacks  common 
to  all  the  boilers.  Forced  draft  is  usually  used  only  in  connection 
with  underfeed  stokers.  The  latter  are  often  preferred  on  account 
of  the  feature  of  automatic  regulation  of  the  feed  and  draft, 
enabling  them  to  respond  quickly  to  the  great  variations  in  load. 

In  the  best  power  rooms,  see  Fig.  29,  highly  developed  mod¬ 
ern  electric  generating  and  switching  units  and  four  stage  com¬ 
pressors  driven  by  compound  Corliss  steam  ends  are  found. 
Steam  turbines  of  the  mixed  pressure  type  are  rapidly  coming  into 
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Fig.  29.  Interior  of  Power  Plant,  Marianna  Mine. 


use,  frequently  being  introduced  at  existing  plants  needing  more 
power.  Most  of  these  plants  have  been  run  non-condensing  in  the 
past,  and  the  introduction  of  the  new  units  with  condensers  ar¬ 
ranged  to  operate  on  the  exhaust  of  the  old  is  fast  becoming  a 
common  expedient.  We  have  not  progressed  as  far  as  is  usual  in 
Europe.  For  instance,  there  is  rarely  any  attempt  to  store,  regen¬ 
erate  and  utilize  the  exhaust  of  intermittent  units,  such  as  hoisting 
engines. 

Mine  power  plants  are  usually  housed  in  substantial  brick 
buildings,  often  very  handsome,  though  never  so  elaborate  as  some 
central  stations,  or  as  mine  power  plants  often  are  in  Europe. 
Brass  railing,  glazed  tile,  plastered  walls  and  polished  floors  are 
taboo.  Construction  is  fireproof,  plain,  substantial  and  enduring. 
Concrete  floors  and  brick  walls,  without  interior  embellishment 
other  than  paint,  are  usual.  The  roofs  may  be  of  slate  or  cement 
tile  supported  on  steel  roof  trusses.  Baths  are  frequently  in¬ 
stalled  in  the  engine  rooms. 
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Some  of  the  more  progressive  companies  are  making  system¬ 
atic  efforts  to  secure  economy  in  the  boiler  room,  by  printed  and 
personal  instructions  to  firemen,  by  inaugurating  a  rigid  routine 
of  boiler  cleaning  and  repair,  and  by  regular  tests  with  C02  indi¬ 
cator,  pyrometer,  draft  gage,  etc.  1  do  not  refer  to  evapora¬ 
tive  tests,  although  these  are  made,  but  tests  under  oper¬ 
ating  conditions  of  the  efficiency  of  firing,  etc.  I  expect  to  see 
mine  plants  regularly  equipped  with  feed  water  meters,  coal 
weighing  or  measuring  devices,  CO.,  recorders,  etc.,  in  the  near 
future.  The  installation  of  such  apparatus  is  justified  under 
present  conditions.  Its  proper  use,  together  with  an  adequate 
routine  for  cleaning,  repair  and  insistence  on  proper  firing,  will 
not  only  save  fuel,  but  what  is  of  far  more  importance  to  the 
colliery,  will  do  much  to  insure  reliability.  Too  many  mines  are 
handicapped  by  frequent  shortage  of  power  due  to  boiler  room 
troubles,  etc.,  and  the  results  are  very  far  reaching. 

Another  popular  line  of  attack  is  in  burning  refuse  and  low- 
grade  coal.  Two  or  three  percent  of  the  entire  output  of  our 
mines  have  been  used  in  operating  the  plants.  If  this  is  first- 
class  coal,  it  represents  a  loss  of  so  much  revenue,  while  if  it  is 
product  that  is  unmarketable,  that  is  not  the  case.  While  utilization 

of  waste  has  sometimes  been  carried  to  extremes,  it  is  certainly 
good  practice  to  burn  the  fine  coal  in  the  stoker,  and  to  mix  with 

it  as  much  of  the  low-grade  coal  or  bituminous  shale  as  it  can 
economically  carry,  regard  being  had  to  the  increased  cost  of  ash 
handling,  possible  clinker  troubles,  effect  on  the  life  and  service 
of  the  boilers,  as  well  as  to  the  fact  that  the  material  must  be 
disposed  of  in  any  event. 

The  amount  of  power  required  is,  of  course,  dependent  on 
several  factors,  such  as  the  length  and  grades  of  the  haulage,  the 
amount  of  water  to  be  pumped  and  the  lift,  the  depth  of  the  hoist, 
etc.  Furthermore,  the  power  required  increases  with  the  life  of 
the  mine,  on  account  of  the  constant  lengthening  of  the  haulage, 
increase  in  the  travel  of  the  ventilating  current  and  similar  factors. 
It  may  be  stated,  however,  as  a  rough  general  guide,  that  one 
horsepower  of  boiler  capacity  is  required  for  each  ton  of  daily 
output  for  moderately  deep  shaft  mines  of  average  condition. 
This  means  that  the  plant  may  have  a  capacity  of  4000  or  5000 
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"h.p.,  and  correspondingly  more  when  it  can  be  so  located  as  to 
serve  several  adjacent  operations.* 

As  the  power  requirements  increaseAvith  the  life  of  the  mine, 
and  as  considerable  time  is  frequently  required  in  building  up 
trade  before  the  mine  reaches  its  full  capacity,  it  is  economy  to 
provide  for  the  installation  of  duplicate  units,  only  a  portion,  say 
half  or  one-third,  being  installed  at  the  beginning,  the  rest  being 
added  as  needed.  This  is  generally  arranged  for  by  leaving  space 
for  new  boiler  and  engine  units  at  the  end  of  the  headers,  which 
are  made  extra  large.  Thus  the  extensions  can  be  made  as  re¬ 
quired  without  shutting  down  the  plant. 

The  remoteness  of  many  of  the  plants,  the  narrow  margin  of 
profit  in  the  business,  the  diversity  of  equipment,  all  operate  to 
increase  the  difficulty  of  obtaining  and  keeping  high-grade  power 
plant  attendants  at  mines.  For  this  reason  the  installation  should 
be  simple,  rugged  and  free  from  undue  refinements. 

BATH  HOUSES 

Some  states  have  laws  compelling  the  erection  of  wash 
houses  at  the  mines  when  petitioned  by  the  miners.  The  practice 
of  erecting  such  conveniences  is  becoming  more  and  more  general 
as  the  benefits  are  recognized.  Sometimes  the  bath  house  is 
merely  a  frame  building  containing  some  basins  and  tubs,  but 
recent  installations  at  the  larger  mines  generally  include  showers 
and  lockers  or  clothes  hangers.  Shower  baths  are  very  much  to 
be  preferred  to  any  other  form;  tubs  are  difficult  to  keep  clean, 
and  plunge  baths  transmit  disease,  besides  being  very  expensive. 
Clothes  hangers  are  preferred  to  lockers,  as  they  allow  of  better 
drying.  One  of  the  most  notable  installations  in  this  country  is 
that  at  the  Marianna  mine.  In  it  are  99  adjustable  showers,  with 
hot  and  cold  water,  several  hundred  special  clothes  hangers,  shown 
in  Fig.  30,  four  large  toilets,  a  private  bath  for  officials,  an  emer¬ 
gency  hospital,  besides  the  lamproom,  offices,  storeroom,  etc. 

The  working  entrance  to  the  mine  is  through  this  building,  so 
that  clothing  which  may  have  become  damp  in  the  mine  may  be 
changed  before  going  outside.  I  am  informed  that  98  percent  of 
the  miners  bathe  daily  upon  leaving  the  mine,  hanging  up  their 
mine  clothes,  and  going  home  in  clean  garments.  W  hat  this 
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Fig.  30.  Interior  of  Bath  House,  Marianna  Mine. 

Showers  and  Special  Clothes-Hangers  Designed  to  Air  and  Dry 

Miners’  Working  Clothes. 

means  to  housekeeping,  and  indeed  to  the  general  well-being  of 
the  community,  can  readily  be  imagined  by  all  who  are  familiar 
with  the  usual  conditions  in  mining  towns.  The  miners  pay  a 
nominal  sum  each  for  the  use  of  the  bath,  which  covers  the  cost 
of  maintenance. 

An  interesting  feature  is  the  thermostatic  control  of  the  tem¬ 
perature  of  the  hot  water.  It  is  heated  in  an  adjacent  boiler  house 
by  a  gas  fired  boiler,  the  gas  supply  being  controlled  by  a  thermo¬ 
stat.  It  is  piped  at  a  temperature  of  212  deg.  to  the  bath  house, 
where  it  enters  a  mixing  tank  having  also  a  cold  inlet.  Both 
inlets  are  controlled  by  thermostats,  so  that  the  entire  hot  water 
system  in  the  building  is  kept  at  about  95  deg.,  thus  preventing 
scalding  at  the  showers  and  reducing  radiation  losses. 

A  growing  practice  in  isolated  communities  is  to  provide 
amusement  facilities.  In  the  building  illustrated  in  Fig.  31  are 
installed  a  moving  picture  theater,  dancing  floor,  billiard  hall, 
bowling  alleys,  etc. 
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Fig.  31.  Elevation  of  Amusement  Hall,  Marianna  Mine. 


GROUND  STORAGE 

In  the  anthracite  region,  storage  of  coal  on  the  ground  is 
commonly  practiced.  Plants  capable  of  handling  enormous  ton¬ 
nages  have  been  constructed,  though  these  are  generally  at  rail¬ 
road  centers  rather  than  at  the  mines.  In  the  bituminous  region, 
however,  such  storage  is  not  common.  The  reasons  for  this  lie 
in  the  greater  deterioration  of  the  soft  coal  when  exposed  to  the 
air,  its  tendency  to  spontaneous  combustion,  and  to  the  fact  that 
its  intrinsic  value  is  less  than  the  anthracite.  Bituminous  coal  has 
heretofore  been  comparatively  easy  of  access,  being  distributed 
over  a  wide  area  and  much  of  it  being  close  to  the  surface,  so 
that  in  case  of  even  the  most  extensive  tieup  of  industry  or  trans¬ 
portation  there  has  always  remained  large  areas  unaffected,  and 
new  openings  could  be  readily  made  to  respond  to  any  abnormal 
demand.  For  these  reasons  it  has  not  seemed  economy  to  store 

r. 

coal  at  the  mines  for  emergencies.  Recently,  however,  another 
condition  has  operated  to  bring  this  subject  to  the  fore.  Phis 
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condition  is  the  difficulty  of  finding  a  market  for  the  various  sizes 
of  coal  in  a  fixed  relation  to  each  other.  The  coal  flows  over  the 
tipple  screens  in  a  continuous  stream,  so  that  for  every  ton  of 
lump  coal  produced  a  corresponding  proportion  of  flue  coal  is  also 
produced,  whether  the  sales  department  has  secured  any  orders 
for  these  lower  grades  or  not.  Often,  for  certain  purposes,  the 
flue  coal  is.  not  of  lower  grade  at  all,  and  indeed  may  be  even 
better  than  some  of  the  coarser  sizes,  but  in  the  absence  of  storage 
facilities  it  must  go  into  the  car  and  be  billed  to  some  center  where 
it  is  sold  for  what  it  will  bring.  This  condition  is  particularly 
aggravated  in  the  case  of  mines  shipping  to  the  Great  Lakes.  In 
this  trade  it  is  the  custom  to  screen  out  the  slack,  which  is  thrown 
on  the  market  in  large  quantities  during  the  lake  shipping  season, 
frequently  depressing  the  price  far  below  the  point  of  cost  of  pro¬ 
duction.  In  the  winter  season  this  fine  coal  may  recover  in  price, 
hut  it  is  still  produced  in  the  same  ratio  to  the  lump,  and  no  excess 
can  be  had. 

Another  reason  for  installing  storage  plants  lies  in  the  diffi¬ 
culty  of  securing  cars.  There  is  a  seasonal  and  a  diurnal  varia¬ 
tion  in  the  car  supply.  We  hear  a  great  deal  about  the  scarcity  of 
cars  during  the  busy  seasons,  and  recognize  this  as  one  the  diffi¬ 
culties  experienced  in  keeping  the  mines  up  to  capacity,  but  there 
is  another  difficulty  that  confronts  us  in  certain  other  irregulari¬ 
ties  in  the  car  supply.  In  many  districts  the  available  cars  are 
proportioned  each  day  in  the  ratio  of  the  rated  capacity  of  the 
mines  on  a  given  road  to  the  total  demanded  by  those  mines.  This 
frequently  necessitates  shutting  the  mine  down  early  one  day  on 
account  of  scarcity  of  cars,  while  perhaps  on  the  very  next  day  an 
excess  of  cars  may  be  available.  It  is  apparent  that  in  order  to 
operate  regularly  under  these  conditions,  namely,  a  fixed  ratio  of 
coarse  and  fine  coal,  a  varying  demand  for  these  grades,  and  a 
varying  car  supply,  it  is  necessary  to  have  some  form  of  storage. 
One  very  economical  form  of  storage  may  be  provided  by  having 
an  extra  number  of  mine  cars. 

One  of  the  simplest  types  of  storage  consists  of  a  reversible 
belt  conveyor  on  a  low  trestle.  This  conveyor  is  equipped  with  a 
traveling  tripper,  and  forms  a  long  pile.  When  the  pile  is  com¬ 
pleted,  a  locomotive  crane,  or  traveling  derrick,  fitted  with  a  clam- 
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shell  l)iicket,  extends  the  pile,  adding  a  width  on  one  side  equal 
to  its  full  reach.  It  then  passes  around  the  end  of  the  pile,  storing 
out  as  it  goes,  and  extends  the  pile  on  the  other  side.  In  recover¬ 
ing,  the  clamshell  replaces  the  coal  on  the  belt  by  means  of  a 
traveling  hopper,  the  belt  is  reversed  and  delivers  to  the  tipple. 

COKE  OVENS 

Many  bituminous  mines  are  operated  for  the  production  of 
coke  by  the  beehive  or  open-oven  process.  It  is  not  usual  for  the 
by-product  process  to  be  employed  at  mines.  At  the  coke  ship¬ 
ping  plants  the  ovens  themselves  form  a  considerable  part  of  the 
surface  plant.  1’he  tipple  consists  principally  of  the  large  storage 
bin  and  its  accessories,  as  already  pointed  out,  and  the  trestles, 
tracks,  wharves,  and  machinery  for  charging  and  drawing  the 
ovens  constitute  the  remaining  peculiarities. 

1  he  beehive  plant  has  been  very  ably  discussed  before  this 
Society  in  a  paper  by  W.  M.  Judd.*  In  recent  years  the  processes 
of  leveling  and  drawing  these  ovens  have  been  successfully  accom¬ 
plished  by  mechanical  means.  In  fact,  the  use  of  machines  for 
this  purpose  may  now  be  said  to  be  standard  practice.  There  are 
several  machines  for  drawing  the  coke,  but  in  all  of  them  the 
drawing  element  must  have  a  variety  of  motions,  resulting  in  a 
complicated  mechanism.  This  results  from  the  shape  of  the 
oven,  which  seems  ill  adapted  for  modern  practice. 

This  condition  has  led  to  the  development  of  the  Mitchell 
oven.  In  it  the  coking  process  is  exactly  the  same  as  in  the  bee¬ 
hive  type.  It  is  a  long  tunnel  having  a  barrel  arch  top,  built  on 
two  slopes,  so  that  the  center  is  much  higher  than  the  ends.  It  is 
built  in  a  variety  of  dimensions,  perhaps  the  most  popular  being 
30- feet  long  by  5- feet  wide,  the  door  at  each  end  being  full  width, 
about  4-feet  high,  the  center  being  about  8-feet  high. 

I  he  oven  is  charged  in  the  same  way  as  the  beehive  oven, 
and  the  coal  is  then  leveled  by  a  machine  which  pushes  a  ram  into 
the  oven  through  one  of  the  doors.  This  ram  is  adjustable  in 
height,  and  this  movement,  as  well  as  the  length  of  stroke,  are 
under  control  of  the  operator.  Quenching  is  generally  done  by 
machine,  principally  in  order  to  save  brick  work,  and  the  coke  is 

•Coke  Oven  Construction,  by  W.  M.  Judd,  Proceedings,  Engineers’  Soci¬ 
ety  of  Western  Pennsylvania,  1906,  vol.  22  p.  327. 
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pushed  out  by  a  powerful  ram.  It  is  generally  received  on  a  con¬ 
veyor  mounted  on  a  track  in  front  of  the  ovens,  which  is  arranged 
to  screen  out  the  ash  and  breeze  and  load  the  cars. 

The  usual  capacity  of  the  beehive  oven  is  6  tons  of  coal,  and 
of  the  tunnel  oven  7 tons.  The  coking  period  is  48  hours, 
except  at  week-ends,  when  it  is  extended  to  72  hours  by  increasing 
the  charge  to  about  7  and  9  tons  and  reducing  the  air  supply. 
Half  the  ovens  are  therefore  charged  each  day,  the  capacity  re¬ 
quired  of  the  mining  plant  being  3  to  4  tons  per  day  for  each  oven. 
Five  hundred  oven  plants  are  common,  and  perhaps  represent  the 
best  practice;  plants  having  1000  ovens  charged  from  one  opening 
are  very  rare. 

WASTE  HEAT 


It  is  customary  in  the  coke  region  to  generate  the  power 
required  to  operate  the  plant  by  using  the  sensible  heat  of  the 
products  of  combustion  from  the  ovens  under  steam  boilers. 
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Fig.  33.  General  View  of  Waste  Heat  Power  Plant,  Marianna  Mine, 

Showing  Absence  of  Smoke. 

A  firebrick  flue  is  buried  in  the  ground  parallel  to  the  ovens,  and 
connected  to  each  by  a  short  flue.  The  connection  is  usually  made 
as  shown  in  Fig.  32,  but  a  recent  patented  improvement  consists 
of  a  top  connection  at  the  trunnel  head  with  an  air-cooled  connect¬ 
ing  flue  on  the  top  of  the  oven.  In  the  former  type  an  iron 
damper  is  used  to  cut  off  the  oven  during  quenching  and  drawing, 
while  in  the  latter  type  the  damper  is  of  firebrick.  At  all  plants 
the  trunnel  is  covered  after  the  oven  has  been  charged  until  it 
catches,  that  is,  until  the  volatile  matter  evolved  from  the  coal  by 
the  heat  of  the  walls  stored  for  the  previous  burn  has  ignited. 
From  this  point  the  difference  between  the  waste  heat  oven  and 
others  is  simply  that  the  combustion  products  pass  through  the 
flue  instead  of  directly  to  the  atmosphere.  This  makes  a  vast  dif¬ 
ference  in  the  appearance  of  the  plant,  however,  as  it  eliminates 
from  the  waste  heat  ovens  the  dense  clouds  of  smoke  continually 
given  off  by  the  others,  see  Fig.  33.  This  item  alone  would  be  a 
real  benefit  to  the  industry  if  all  the  ovens  were  operated  as  waste 
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heat  ovens,  but,  unfortunately,  it  is  customary  to  connect  only 
about  10  percent  to  the  boilers,  this  ordinarily  being  sufficient  to 
supply  the  power  needed  to  operate  the  plant.  An  exception  to  this 
is  the  Wildwood  plant  of  the  Jones  &  Laughlin  Steel  Company, 
which  is  situated  at  the  steel  works  where  all  the  power  generated 
is  absorbed.  I  have  never  been  able  to  understand  why  more 
waste  heat  power  is  not  used.  Each  oven  generates  about  20 
boiler  h.p.,  and  as  there  are  about  40  000  ovens  in  the  Connells- 
ville  region,  about  50  miles  from  Pittsburgh,  it  follows  that  we  are 
throwing  away  some  800  000  h.p. 

Unfortunately,  the  writer  does  not  have  figures  on  the  actual 
cost  of  this  power.  The  cost  of  fuel  and  the  labor  of  firing  and 
handling  is  entirely  saved,  the  boiler  room  force  being  reduced  to 
water  tenders.  On  the  other  hand,  the  upkeep  of  the  flues  is  a 
considerable  item,  but  it  is  evident  that  a  substantial  net  saving  is 
effected,  in  view  of  the  fact  that  large  corporations  are  continuing 
the  practice  very  generally  after  years  of  experience.  Now  if  this 
power  is  so  much  cheaper  than  coal  firing  at  the  mine,  where  fuel 
is  at  least  half  as  cheap  as  elsewhere,  and  other  charges  materially 
lessened,  it  seems  to  me  that  the  actual  total  cost  of  this  power 
must  be  about  the  lowest  on  record,  and  that  it  leaves  a  substantial 
margin  for  transmission  to  considerable  distances.  Of  course  it 
would  be  impracticable,  for  the  present  at  least,  to  utilize  all  of 
this  available  power.  The  coke  business  is  subject  to  wide  varia¬ 
tions,  and  the  number  of  ovens  in  blast  varies  widely,  so  that  at 
first  glance  the  source  of  power  seems  very  unreliable,  and  reli¬ 
ability  is  the  first  requisite  in  a  central  station.  But  on  the  other 
hand,  the  business  of  this  region,  and  particularly  the  large  indus¬ 
tries,  are  subject  to  the  same  kind  of  variations;  in  fact,  it  is  the 
blowing  out  of  furnaces  to  which  the  curtailment  of  coke  output 
is  mainly  due,  and  increase  in  steel  and  iron  orders  is  the  signal 
for  activity  in  the  coke  region.  Then,  too,  the  coal  fired  standby 
is  an  easy  matter.  The  waste  heat  gases  are  brought  into  the 
boiler  through  a  slot  in  the  bridge  wall,  so  that  the  grate  need  not 
be  disturbed,  and  by  building  a  fire  on  it,  and  lowering  the  damper 
in  the  flue,  the  boiler  can  immediately  be  placed  on  coal ;  in  fact, 
both  sources  of  heat  can  be  used  at  the  same  time  in  the  same  set¬ 
ting  if  the  draft  damper  be  properly  regulated. 
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Fig.  34.  Panorama  of  the  Annabelle  Plant. 
Four  States  Coal  &  Coke  Co. 


\\  hv  would  it  not  be  a  good  thing  for  the  coke  operator  to 
have  some  good,  steady  customers  for  power  to  fall  back  on  when 
the  coke  trade  is  dull?  Pie  could  put  some  of  bis  huskv  coke 
drawers  to  firing  rather  than  lay  them  off,  and  every  ton  of  coal 
burned  under  the  boilers  would  help  to  steady  the  output  of  his 
mine  and  keep  the  organization  together.  This  means  a  saving, 
as  the  fixed  charges  in  the  mine  are  high  and  are  practically  inde¬ 
pendent  of  the  output,  so  that  a  falling  off  of  the  latter  or  a  shut¬ 
down  means  a  large  loss.  1  bus  our  power  source  would  he 
unusually  reliable  instead  of  being  otherwise,  as  wTe  first  supposed. 

The  writer  understands  that  abroad  the  practice  is  followed 
on  a  large  scale  by  connecting  electrically  a  considerable  number 
of  plants  in  a  closed  circuit,  including  some  coal  fired  plants.  A 
separate  corporation  manages  the  power  business,  often  connect¬ 
ing  up  several  competing  mines,  paying  them  for  the  heat  used, 
and  selling  to  them  the  powrer  required  for  their  operations. 

It  is  customary  to  depend  on  natural  draft  induced  by  a  stack 
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to  move  the  gases  through  the  flues  and  boiler  passages,  although 
there  have  been  some  installations  with  mechanical  draft.  The 
latter  seems  so  much  more  desirable  from  the  standpoint  of  regu¬ 
lation  as  to  justify  the  installation  of  the  necessary  mechanism. 
Careful  tests  indicate  that,  as  generally  operated,  the  system  de¬ 
pends  almost  entirely  on  sensible  heat ;  that  combustion  is  com¬ 
plete  by  the  time  the  boiler  setting  is  reached,  and  there  are  no 

inflammable  gases  present  in  the  mixture.  That  being  the  case,  it 

'  0  ] 

follows  that  we  should  aim  to  transfer  the  gases  as  quickly  as 
possible  from  the  oven  to  the  boiler  in  order  to  deliver  them  at  the 
highest  possible  temperature.  In  fact,  it  is  quite  possible  that,  by 
increasing  the  velocity,  we  can  prevent  the  entire  completion  of 
the  combustion  in  the  flue  and  carry  over  some  combustible  gases, 
which  could  be  burned  under  the  boiler  by  the  admission  of  air. 
On  the  other  hand,  the  draft  on  the  oven  should  not  be  in¬ 
creased,  in  order  that  the  coke  may  be  burned  in  the  same  manner 
as  in  the  ovens  not  connected.  This  means  that  we  should  have  a 
good  means  of  regulating  the  draft  in  order  to  comply  with  these 
conditions.  Mechanical  draft,  being  entirely  independent  of  the 
weather,  and  susceptible  of  automatic  regulation,  will  give  us  the 
desired  result  much  more  certainly  than  natural  draft.  The  size 
of  the  flues  should  be  reduced  in  order  to  increase  the  velocity  of 
the  gases,  and  provide  just  enough  draft  to  overcome  the  friction, 
leaving  practically  no  pull  on  the  oven.  The  flues  should  be  made 
as  short  as  possible  and  should  be  carefully  built  and  maintained 
to  exclude  air.  The  boilers  would  be  governed  by  the  admission 
of  air  over  the  grate,  to  cool  the  gases,  the  draft  being  at  the  same 
time  increased  to  carry  the  increased  volume  at  the  same  rate. 
Thus,  instead  of  allowing  the  boiler  to  blow  off  during  the  night, 
as  is  now  frequently  done,  it  could  be  brought  to  the  condition  of 
a  banked  fire,  without  changing  the  oven  and  flue  conditions. 

In  conclusion,  I  wish  to  acknowledge  my  indebtedness  for 
information  and  for  the  originals  from  which  the  illustrations 
were  made  to  the  following  gentlemen : 

Mr.  Lee  Llewellyn,  Chief  Engineer,  Pittsburgh  Coal  Washer  Co. 
Mr.  A.  C.  Beeson,  Chief  Engineer,  Four  States  Coal  &  Coke  Co. 
Mr.  T.  W.  Dawson,  Asst.  Chief  Engineer,  H.  C.  Frick  Coke  Co. 
Mr.  G.  W.  Schleuderberg,  Gen.  Mgr.,  Pittsburgh  Coal  Co. 
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Mr.  John  P.  Reese,  Gen.  Supt.,  Superior  Coal  Co.,  Gillespie,  Ill. 
Mr.  D.  F.  Lepley,  Gen.  Mgr.,  Connellsville  Mfg.  &  Mine  Sup¬ 
ply  Co. 

Mr.  W.  T.  Phillips,  Vice  Pres.,  Phillips  Mine  &  Mill  Supply  Co. 
The  Jeffrey  Mfg.  Co. 


DISCUSSION 

Mr.  F.  Z.  Schellenberg  :*  I  think  the  reference  to  the  use 
of  cement  as  a  protection  against  the  corroding  of  steel  is  inter- 
esting,  and  I  might  suggest  the  use  of  the  cement  gun  in  coating 
of  the  metal  structures.  That  is  the  latest  method,  I  believe,  for 
that  purpose,  the  sand,  cement  and  water  being  mixed  just  as 
they  are  applied. 

Entering  all  crevices,  the  fresh  cement  mixture  makes  an 
even  coating  of  one  to  two  inch  thickness.  Generally,  for  its 
more  intimate  support,  there  is  first  placed  a  wire  netting  of  two- 
inch  wire  mesh. 

Long  ago  we  plastered  the  sides  of  an  entry  graded  below 
a  coal  seam  with  a  wet  mixture  of  lime  and  coal  ashes  as  a 
protection  against  the  air  current  to  prevent  raveling. 

I  think  it  is  interesting  to  say  that  in  substituting  iron  for 
wooden  structure  detail,  an  iron  beam  of  the  same  span  and 
depth  has  to  have  the  same  weight.  It  has  been  observed  that 
this  has  been  the  result  in  the  supersession  of  iron  wire  traction 
rope  for  hempen — it  was  of  weight  for  weight. 

Mr.  Harry  J.  Lewis  :f  I  wish  to  compliment  Mr.  Weldin 
in  putting  so  much  into  his  paper,  for  he  has  raised  a  great  many 
points  in  the  design  of  plants.  He  brought  up  the  old  question  of 
the  use  of  a  self-dumping  or  a  run  off  cage,  which  is  still  a  dis¬ 
puted  point.  It  seems  to  me  the  self-dumping  cage  applies 
where  we  do  not  care  how  much  we  break  our  coal  and  where 
we  want  to  get  rid  of  it  just  as  quickly  as  possible  from  the  car. 
In  those  cases  it  works  beautifully.  But  where  we  want  to  sep- 

♦Consulting  Engineer.  Oliver  Building,  Pittsburgh 

tConsulting  Engineer,  336  Fourth  Ave.,  Pittsburgh. 
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arate  the  coal  and  do  more  or  less  work  preparing  it  for  the 
market,  running  ofif  the  car  and  putting  it  on  the  dump  probably 
lessens  the  degradation,  and  my  impression  is  that  in  such  cases 
we  could  handle  a  greater  tonnage,  because  we  do  not  have  to 
stop  the  cage  and  wait  for  dumping  the  coal  over  the  screen. 

Another  very  live  question  is  how  far  we  can  go  with  con¬ 
crete  construction.  I  believe  there  is  a  dividing  line  between 
where  concrete  is  best  and  where  either  steel  or  wood  is  best ;  and 
it  seems  to  me  it  is  somewhere  about  the  place  where  a  good 
deal  of  vibration  begins  in  the  structure  from  its  use.  I  notice 
that  where  concrete  has  been  applied  to  a  structure  which  is 
subject  to  a  good  deal  of  vibration  it  is  likely  to  break  and  the 
cracks  and  checks  let  the  water  reach  the  metal  along  those  breaks. 
For  a  fixed  structure  that  has  to  carry  practically  static  loads, 
like  bins  and  such  things,  I  think  the  concrete  will  widen  its  field. 
Some  of  the  earlier  investigators  in  reinforced  concrete  have 
been  subject  to  more  or  less  misguided  enthusiasm  in  using  too 
much  formulae  and  not  enough  concrete  and  metal.  The  equip¬ 
ment  around  mines  should  be  rather  rugged,  and  where  we  use 
concrete  we  should  use  plenty  of  it,  with  a  good  proportion  of 
cement,  for  the  labor  cost  is  the  same  for  placing  lean  concrete  as 
for  the  very  best. 

Mr.  W.  M.  Judd:*  The  field  for  discussion  covered  by  Mr. 
Weldin’s  paper  is  so  broad  that  one  is  at  a  loss  to  determine  just 
which  points  to  touch  upon.  Mr.  Weldin  is  certainly  to  be  con¬ 
gratulated  upon  the  preparation  of  so  comprehensive  a  summary 
of  the  subject  and  upon  gathering  together  in  a  single  paper  so 
much  valuable  information  and  interesting  analyses  of  so  many 
phases  of  the  subject. 

The  problems  that  come  up  in  the  design  of  bituminous 
mining  plants  enter  almost  every  phase  of  engineering  and  the 
possible  combinations  are  almost  infinite  in  their  variety. 

The  views  that  have  been  exhibited  show  many  of  the  adapta¬ 
tions  of  machinery  for  particular  combinations  of  requirements, 
and  it  is  the  study  required  to  secure  the  best  solution  for  the 
new  combination  of  conditions  in  each  new  development  that 

*Of  W.  G.  Wilkins  Company,  Consulting-  Engineers,  Westinghouse 
Building,  Pittsburgh. 


DISCUSSION — DESKIN  OF  BITUMINOUS  MINING  PLANTS 


085 


makes  this  class  of  work  so  interesting.  In  the  very  first  question 
that  conies  up  for  decision — the  place  of  entrance  to  the  coal  and 
the  location  of  surface  plant — we  find  striking  contrasts  in  the 
topography  of  different  fields;  for  instance,  the  comparatively 
easy  slopes  of  the  hills  and  wide  valleys  of  much  of  our  Western 
Pennsylvania  country  as  compared  with  large  areas  in  West 
V  irginia,  in  which  the  country  is  a  succession  of  ridges,  with  the 
intervening  valleys  so  narrow  that  after  the  railroad  track  has 
been  located  it  is  difficult  to  find  room  for  anything  else. 

Of  the  three  materials  of  construction — wood,  steel  and 
concrete — each  has  its  appropriate  field  of  service,  and  undoubt¬ 
edly  there  are  conditions  under  which  it  will  be  best  to  use  one 
of  the  three  to  the  practical  exclusion  of  the  other  two,  but  I  am 
inclined  to  believe  that  for  some  years  to  come  the  most  practi¬ 
cable  structure  in  the  mining  field  will  be  one  in  which  there  is  a 
judicious  admixture  of  all  three  materials. 

I  would  not  care  to  give  so  high  a  rating  to  the  lasting  quali¬ 
ties  of  timber  as  compared  with  steel  as  Mr.  Weldin  has  done. 
It  is  true  that  there  are  many  examples  of  long  life  in  timber 
structures ;  on  the  other  hand,  it  is  not  at  all  uncommon  for 
timber  structures  to  require  replacement  in  whole  or  in  part  within 
a  few  years  after  their  erection.  I  have  seen  timbers  in  trestles 
and  headframes,  showing  little  outward  signs  of  decay,  that  when 
struck  with  a  hammer  revealed  a  heart  of  dry  rot  enclosed  by  a 
shell  of  sound  wood,  so  that  the  structure  was  apparently  stand¬ 
ing  more  by  the  force  of  habit  than  by  the  inherent  strength  of 
its  constituent  members. 

Undoubtedly  many  of  the  earlier  steel  structures  for  mining 
plants  were  designed  too  closely  along  the  lines  of  theoretical 
strength  without  taking  sufficiently  into  account  the  effect  of  cor¬ 
rosion.  There  should  be  no  skimping  in  the  thickness  of  mem¬ 
bers,  details  should  be  worked  out  to  avoid  as  far  as  possible  col¬ 
lecting  points  for  dirt  and  moisture,  and  all  exposed  steel  should 
be  easily  accessible  for  cleansing  and  painting. 

While  I  think  that  serious  difficulties  would  be  encountered 
in  constructing  a  tipple  of  reinforced  concrete  in  every  detail, 
there  is  no  question  but  that  concrete  can  be  employed  in  part  to 
very  good  advantage.  Somewhat  along  the  lines  that  Mr.  Weldin 
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has  recommended,  I  would  suggest  the  enclosing  of  the  lower 
portion  of  the  steel  structure  in  concrete  and  the  use  of  reinforced 
concrete  floors,  but  retaining  exposed  steel  for  machinery  sup¬ 
ports  and  the  upper  portions  of  the  structure. 

Prof.  H.  B.  Meller  :*  It  is  a  pleasure  to  be  privileged  to 
listen  to  so  thorough  a  treatment  of  such  a  complex  subject  as 
that  presented  by  Mr.  Weldin.  To  discuss  the  entire  paper 
would  require  considerably  more  time  than  I  am  disposed  to  ask. 
My  remarks  will  therefore  be  confined  to  a  few  portions. 

Mr.  Weldin’s  idea  that  all  firms  asked  to  submit  bids  should 
be  compensated  for  the  work  of  preparing  designs  is  a  unique 
one  possessing  much  merit.  There  is  no  question  but  that  in  the 
end  this  work  is  paid  for  by  someone — under  the  usual  system  by 
those  who  award  contracts  to  these  firms.  If  Mr.  Weldin’s  idea 
were  carried  out,  the  firm  submitting  a  bid  could  afford  to  name  a 
somewhat  lower  price  if  it  were  certain  to  receive  remuneration 
for  its  expense  in  preparing  bids  finally  awarded  elsewhere.  In 
the  end  the  plant  would  probably  cost  as  much  as  under  the  usual 
system  if  as  many  firms  were  asked  to  submit  designs.  Any 
saving  would  likely  come  from  fewer  bids.  The  point  which  is 
not  made  clear,  and  which  would  have  to  be  carefully  worked  out, 
is  the  basis  upon  which  this  compensation  should  be  made. 

It  might  be  well,  in  connection  with  the  subject  of  contracts 
mentioned  in  the  paper,  to  discuss  briefly  the  question  of  payment 
for  such  contracts.  In  general,  there  are  three  methods. 

First:  The  one  with  which  we  are  probably  most  familiar, 
that  of  a  lump  sum  covering  the  completed  job.  This  has  its  dis¬ 
advantages  in  that  in  case  of  labor  disturbances,  storms,  floods,  or 
other  unavoidable  occurrences  delaying  the  work,  the  contractor 
carries  the  risk.  Is  it  not  natural  that  this  risk  should  be  handled 
as  in  an  insurance  company,  each  job  being  required  to  bear  its 
share  of  the  burden  ? 

The  lump  sum  method  fosters  competition,  but  the  con¬ 
tractor’s  bid  is  usually  high  enough  to  cover  contingencies.  When 
these  do  not  develop,  the  advantage  goes  to  the  contractor  in  an 
additional  profit.  Such  a  bid  will  probably  include  a  factor  of 
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safety  which  the  contractor  has  found  to  be  necessary  to  cover 
the  difference  between  preliminary  and  final  estimates,  this  dif¬ 
ference  being  due  to  increased  qualities  of  items  originally  under¬ 
estimated,  new  items  and  increased  prices.  Of  course,  to  this 
lump  sum  is  added  the  cost  of  “extras”  due  to  changes  in  plans. 

Second:  The  “Cost  plus  percentage”  method,  under  which 
is  charged  the  actual  cost  of  preparing  and  placing  the  material, 
plus  a  percentage  agreed  upon  to  cover  the  contractor’s  expenses 
and  profit.  This  does  not  possess  the  disadvantages  of  the  first 
system,  from  the  contractor’s  point  of  view.  The  owner  should, 
however,  be  protected  by  clauses  in  the  contract  to  insure  diligent 
prosecution  of  the  work. 

With  this  system  it  is  true  that  the  final  cost  may  exceed  that 
under  the  lump  sum  system,  but  not  unless  the  contractor  has 
made  an  error  in  estimating,  or  deliberately  cuts  oft  or  reduces 
his  profit  in  order  to  secure  the  contract.  As  against  this  system, 
it  has  been  said  that  there  is  suspicion  that  the  contractor  may 
permit  the  work  to  drag,  thus  increasing  the  cost,  and  that  the 
workmen  will  loaf.  It  is  true  that  this  may  happen  if  the  con¬ 
tractor  is  inclined  to  be  less  careful  of  the  owner’s  financial  inter¬ 
ests  than  of  his  own ;  but  much  of  the  risk  may  be  removed  bv 
use  of  the 

Third:  The  “Cost  plus  fixed  sum”  method,  which  is  in 
many  respects  similar  to  the  second,  differing  from  it  in  the  pro¬ 
vision  for  the  payment  of  a  fixed  sum  upon  completion  of  the 
work  instead  of  a  percentage  of  the  cost  price. 

The  time  element,  with  its  accompanying  penalty  or  bonus, 
is  applicable  to  any  of  these  methods.  Competent  authorities 
differ  as  to  the  best  method,  and  what  might  be  best  for  one  oper¬ 
ation  might  not  be  so  good  under  other  conditions. 

Mr.  Weldin  mentions  another  matter  which  is  not  vital  to 
the  subject  of  surface  plant,  but  is  of  great  importance  if  we  con¬ 
sider  the  plant  as  a  whole,  or  the  underground  part  of  it.  This  is 
the  statement  that  the  whole  process  of  producing  coal  forms  a 
dependent  sequence  of  operations,  and  that  the  overall  efficiency 
of  such  a  dependent  sequence  is  necessarily  low,  even  though  the 
efficiency  of  each  of  the  individual  items  be  high.  He  illustrates 
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by  supposing  a  dependent  sequence  of  five  terms,  each  having  an 
efficiency  of  90  percent,  stating  that  the  overall  efficiency  is  only 
59  percent.  \  his  would  be  true  if  the  efficiency  of  any  one  term 
were  90  percent  of  the  total  delivered  to  it.  In  other  words,  if 
the  efficiency  of  that  part  of  the  haulage  system  delivering  empty 
cars  were  90  percent,  the  distribution  would  be  90  percent  of 
that  90  percent,  or  81  ;  the  loading  would  be  90  percent  of  that  81, 
etc.  1  he  overall  efficiency  of  a  five-term  sequence  would  be  59, 
and  if  carried  further  would  reach  the  point  where  the  output 
would  be  zero.  By  Mr.  Weldin’s  statement  in  an  earlier  part  of 
the  paper,  when  a  plant  is  being  planned  for,  one  of  the  first  things 
determined  upon  is  a  maximum  daily  output.  Good  management, 
as  well  as  good  engineering,  will  require  that  each  division  of  the 
work  (or  each  term  of  such  a  sequence  as  Mr.  Weldin  refers  to) 
be  based  upon  this  output  as  a  maximum.  Then  if  each  part  of 
the  work  or  each  term  of  the  sequence  has  an  efficiency  of  90 
percent,  the  10  percent  is  lost  in  the  first  instance,  and  only  90  per¬ 
cent  delivered  in  each  of  the  remaining  instances,  which  90 
percent  is  taken  care  of,  and  the  output  is  90  percent  of  the 
maximum. 

Mr.  Robert  Linton  :*  1  would  like  to  add  my  word  of 

appreciation  to  the  others  that  have  been  expressed  of  the  very 
thorough  and  interesting  manner  in  which  this  subject  has  been 
presented  by  Mr.  Weldin.  As  contrasted  with  the  Pittsburgh 
district  it  may  be  of  interest  to  mention  a  few  of  the  conditions 
obtaining  in  our  western  coal  fields,  which  are  different  from  what 
we  are  accustomed  to  and  which  have  a  very  considerable  influ¬ 
ence  upon  the  design  of  plant  layout  and  character  of  equipment. 
The  Pittsburgh  coal  seam  is  practically  horizontal  and  unbroken, 
with  excellent  roof,  presenting  almost  ideal  mining  conditions. 
But  in  the  Western  fields,  and  especially  in  the  Rocky  Mountain 
field,  the  situation  is  quite  different.  Faulting  is  very  frequent, 
and  the  strata  are  very  frequently  distorted  and  tilted  from  the 
horizontal  to  a  very  marked  degree.  And  in  this  distortion  there 
is  considerable  crushing  of  the  coal,  making  the  seams  unworkable 
in  many  instances.  Consequently  it  is  often  unwise  in  opening  up 
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new  fields  to  plan  large  and  costly  installations,  even  if  high 
efficiency  of  operation  be  sacrificed  in  using  smaller  and  simpler 
equipment. 

The  fact  that  many  western  coals  carry  very  high  ash  and 
sulphur  makes  the  question  of  treatment  important,  and  there  is 
usually  much  more  profit  in  washing  western  coals  than  coals  of 
such  excellent  natural  quality  as  we  have  here.  In  the  North¬ 
western  fields,  Montana  and  Wyoming,  in  some  cases  as  much  as 
half  the  coal  mined  has  been  thrown  away  where  no  washing  was 
done.  Where  washeries  have  been  installed  in  such  fields  a  much 
higher  recovery  and  improved  quality  have  resulted. 

We  find  similar  conditions  in  Mexico.  The  coking  coals  in 
the  Coahuilla  fields  that  I  have  examined  carry  around  20  percent 
ash  and  too  much  sulphur  to  make  good  metallurgical  coke  if  used 
without  washing.  By  putting  in  proper  washing  equipment  a 
fairly  satisfactory  coke  can  be  made  though  not  comparable  in 
quality  to  Connellsville  coke.  The  occurrence  of  broken  and  dis¬ 
torted  strata  is  also  frequent,  so  that  in  Mexico,  in  the  coking 
regions  at  least,  mining  is  difficult  and  expensive. 

In  the  gas  coal  fields  of  Northern  Mexico  mining  conditions 
are  easier.  The  beds  are  flat  and  little  broken.  There  is  little 
advantage  in  washing  the  coal,  because  it  is  used  chiefly  for  gas 
and  steam  purposes. 

Analyses  of  some  characteristic  Mexican  coals  are  as 
follows : 


Gas  Coal. 

Moisture  .  3.36 —  3  69 

Volatile  combustible  .  45.08 — 43.03 

Fixed  carbon  .  35.38 — 30.98 

Ash  .  16.18—22.30 

Sulphur  .  2.92 

Specific  gravity  .  1.34 


Coking  Coal. 
0.30  1.8S 

32.38  21.32 

44  82  57.20 

22.50  19.60 

1.00  1.38 

1.44  1.46 


The  advantage  of  sizing  coals,  which  was  brought  out  by  Mr. 
Weldin,  is  quite  well  illustrated  in  the  anthracite  industry  in 
Colorado.  In  the  Gunnison  County  fields,  where  practically  all 
the  anthracite  that  is  used  in  the  West  is  mined,  they  make  five  to 
six  different  sizes  from  4:l/2  in.  down.  In  one  mine  which  I  have 
in  mind  the  seam  is  about  2^  to  3  ft.  in  thickness  and  lies  prac¬ 
tically  horizontal.  They  shoot  the  coal  down,  fork  it  over  in  load¬ 
ing  and  leave  all  the  fine  coal  in  the  mine.  The  coal  is  hoisted  to 
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the  surface,  passed  over  a  4-inch  “grizzly”  and  the  oversize  goes 
to  a  roll  crusher,  which  crushes  it  to  4-inch.  The  crushed  product 
joins  the  undersize  from  the  grizzly  and  then  passes  over  a  series 
of  revolving  screens  which  make  ordinarily  five  different  sizes, 
the  lowest  being  Jd  in.  Everything  under  in.  passes  out  to  the 
culm  pile.  There  is  no  use  for  it  at  present.  The  fine  coal  under 
one  inch  is  sold  for  about  25c  a  ton,  whereas  the  coarser  sizes  will 
demand  about  $4.00  a  ton  at  the  mine  when  sold  for  domestic 
purposes. 

The  excessive  snowfall  in  the  high  altitudes  of  these  coal 
beds  makes  it  impossible  for  some  of  them  to  operate  during  the 
winter.  The  Ruby  mine,  one  of  the  most  important  anthracite 
mines  of  Colorado,  closes  down  about  the  first  of  January  and 
very  seldom  resumes  before  the  first  of  May,  and  sometimes  not 
until  June  or  July.  In  figuring  capacity  and  designing  the  plant 
equipment  for  such  a  location  it  is  necessary  to  take  this  factor 
into  account.  And  it  is  important  to  locate  the  plant  and  buildings 
so  that  they  will  not  be  carried  away  by  snow  slides. 

In  general,  the  design  of  mining  plants  for  most  western 
localities  should  be  as  simple  as  possible.  The  mechanical  equip¬ 
ment  should  be  easily  operated,  fool  proof,  and  with  as  many 
interchangeable  parts  as  possible. 

Mr.  F.  A.  McDonald  A  I  have  been  interested  in  the  paper, 
but  it  covers  so  much  ground  that  I  have  not  as  yet  assimilated  it. 
It  will  bear  a  lot  of  thought  and  I  will  get  a  great  many  ideas 
out  of  it  upon  mature  consideration. 

The  only  thing  I  might  have  said  at  this  time  was  mentioned 
by  Mr.  Judd.  His  ideas  are  about  along  my  experience  in  design¬ 
ing  tipples,  especially  of  steel.  After  figuring  the  theoretical  sec¬ 
tion  required  to  carry  the  load,  and  applying  the  usual  factor  of 
safety,  it  is  necessary  to  about  double  those  sections  in  order  to 
guard  against  undue  vibration. 

The  first  steel  tipple  that  I  designed  was  submitted,  to¬ 
gether  with  plans  and  specifications,  to  several  bidders  and  1  was 
surprised  that  one  bid  was  about  50  percent  below  that  of  other 
responsible  concerns.  Being  called  upon  by  my  client  to  explain 
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this  discrepancy,  I  acknowledged  that  I  could  not  do  so,  until  I 
learned  from  this  bidder  that  he  had  ignored  my  plans  and  cut 
each  member  to  its  minimum  section  and  used  hogrods  freely.  I 
advised  my  client  that  I  would  wash  my  hands  of  the  whole  job 
unless  my  plans  were  adhered  to  and,  further,  that  I  would  not 
care  to  work  on  such  a  tipple  for  fear  of  being  thrown  off.  I  am 
very  glad  to  say  that  I  was  authorized  to  reject  this  bid  and  that 
this  tipple  has  already  worked  the  coal  from  one  mine,  has  been 
moved  to  another  location  and  is  now  in  daily  use. 

We  should  have  members  as  simple  as  possible  (better 
shapes  are  being  rolled  today  than  fifteen  or  twenty  vears  a<ro), 
and  of  sufficient  size  to  prevent  undue  vibration.  The  steel  work 
should  also  be  kept  well  painted  or  coated  with  some  preparation 
to  prevent  corrosion. 

I  believe  that  concrete,  especially  reinforced  concrete,  could 
be  used  with  good  results  for  certain  members  of  tipples  and  head 
frames,  particularly  for  columns,  up  possibly  as  far  as  the  dump¬ 
ing  floor.  I  shall  watch  any  structure  so  built  with  a  ereat  deal 
of  interest. 

Mr.  W.  M.  Judd:  There  are  two  other  questions  brought 
out  in  the  paper  and  discussion  that  I  will  refer  to  briefly. 

I  he  first  of  these  is  the  method  of  letting  contracts  for  min- 
ing  equipment.  1  he  fair  plan,  as  has  been  so  well  stated  in  the 
paper,  is  to  have  a  definite  outline  plan  and  specification  prepared, 
by  the  mining  company’s  own  engineer,  if  he  has  had  the  neces¬ 
sary  experience;  if  not,  by  a  consulting  engineer  emploved  for 
this  particular  service. 

I  he  specification  need  not  preclude  the  presentation  of  the 
manufacturers  specialties.  A  careful  analysis  of  the  proposals 
received  should  be  made  by  the  engineer  and  lowest  first  cost 
should  by  no  means  necessarily  be  the  deciding  factor. 

Ln fortunately,  there  have  been  many  operators  who  have  not 
realized  the  importance  of  engineering  advice  at  this  stage  of  the 
game.  Proposals  are  submitted  which  have  no  common  basis 
for  comparison,  and  which  are  so  meager  or  indefinite  that  it  is 
impossible  to  determine  just  what  will  be  furnished. 

Lnder  these  conditions  contracts  have  been  let  under  which 
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the  supporting  steel  work  was  slighted,  wittingly  or  otherwise, 
with  a  resultant  light  weight  and  vibrating  structure  which  soon 
required  reinforcement  and  repairs.  The  bidder  who  submits  a 
balanced  proposal  including  a  well-designed  structure,  as  well  as 
a  first-class  machinery  equipment,  is  naturally  at  a  disadvantage 
in  such  a  letting. 

Idle  preparation  of  coal  for  the  market  is  the  other  matter 
to  which  I  would  refer.  Those  of  us  who  have  been  engaged  for 
some  time  in  the  designing  of  equipment  for  the  preparation  of 
coal  have  seen  the  demand  steadily  increasing  in  the  number  of 
sizes  of  prepared  coal  required  and  in  the  refinement  of  their 
preparation.  This  has  resulted  in  greater  cost  of  equipment  and 
of  operation.  The  question  arises  whether  in  time  methods  of 
burning  coal  will  not  be  developed  so  that  only  one  size  of  coal 
will  be  required  for  a  very  large  proportion  of  the  total  produc¬ 
tion,  thus  simplifying  and  standardizing  colliery  equipments. 

Mr.  E.  C.  Auld  :*  Mr.  Weldin’s  insistence  on  analyses  of 
conditions  so  that  everything  on  the  plant  shall  operate  at  the 
proper  rate  to  handle  the  required  daily  output  is  one  of  the  main 
considerations  for  a  successful  plant.  Many  a  plant  is  badly 
handicapped  by  some  single  unit  being  inadequate  to  perform  its 
share  of  the  work.  I  have  found  that  in  many  plants  the  best 
engineering  work  has  been  done  on  the  surface,  neglecting  to  make 
suitable  provision  at  the  shaft  bottom  to  allow  caging  of  any¬ 
thing  like  the  amount  of  coal  the  tipple  and  surface  plant  is  easily 
capable  of  handling. 

In  almost  every  case  the  largest  engineering  problem  lies  in 
the  mine  itself,  and  if  this  is  not  solved  so  as  to  get  the  desired 
output  the  finest  kind  of  engineering  on  the  surface  plant  is  to  a 
large  extent  wasted.  Shaft  bottom  work  should  be  laid  out  as 
carefully  as  railroad  yards.  The  mine  workings  should  be 
projected  and  haulages  laid  out  to  deliver  each  its  share  of  coal 
in  the  specified  time  and  liberal  allowance  made  for  sections  tem¬ 
porarily  out.  The  entire  mine  should  be  carefully  analyzed  with 
a  view  to  working  to  the  best  advantage  to  get  the  required  ton¬ 
nage  at  all  times  during  its  life.  Main  haulage  roads  should  be 
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well  graded  and  have  well-ballasted  tracks.  1  his  will  gain  much 
in  time  of  delivery  and  make  great  savings  in  power.  I  consider 
the  mine  haulage  and  shaft  bottom  arrangement  as  more  impor¬ 
tant  than  the  tipple.  No  tipple  however  well  designed  can  pos¬ 
sibly  handle  more  coal  than  the  mine  is  capable  of  delivering  to  it. 

Another  vital  point  is  having  proper  arrangements  for  han¬ 
dling  slate  and  mine  refuse.  It  should  be  arranged  that  mine  cars 
are  not  kept  out  of  service  when  loaded  with  slate  longer  than 
when  loaded  with  coal.  Disposal  of  waste  should  be  provided 
for  in  the  design  with  as  much  care  as  the  handling  of  coal. 

I  believe  it  would  be  economical  in  most  cases  where  the  coal 
is  not  too  deep  to  have  three  openings — one  used  as  the  main 
hoisting  shaft  for  handling  coal  only,  one  as  an  auxiliary  hoisting 
shaft  for  handling  men  and  material,  and  the  third  to  be  the  ven¬ 
tilating  shaft.  In  this  arrangement  the  auxiliary  hoisting  shaft 
should  act  as  either  the  return  air  outlet  or  fresh  air  inlet,  owing 
to  whether  the  fan  is  run  blowing  or  exhausting.  It  would  also 
contain  all  necessary  pipes  and  electric  wires.  This  would  allow 
making  the  main  hoisting  shaft  smaller  than  usual  and  keeping 
the  mine  air  away  from  the  tipple.  It  would  also  eliminate  all 
delays  to  hoisting  due  to  handling  men  and  materials. 

I  heartily  agree  with  Mr.  Weldin  that  concrete  is  the  coming 
material  for  tipples.  I  expect  to  see  the  majority  of  existing  steel 
tipples  encased  in  concrete  within  the  next  few  years.  This  is  not 
very  expensive  work  when  done  to  any  extent  if  properly 
equipped,  and  makes  a  very  satisfactory  job.  One  of  the  causes 
of  rapid  deterioration  of  steel  tipples  is  the  constant  vibration 
they  are  subjected  to.  After  they  are  concreted  the  vibration  is 
practically  all  overcome. 

A  reinforced  concrete  tipple  properly  designed  and  con¬ 
structed  should  cost  very  little  more  than  a  good,  substantial  steel 
one.  The  steel  should  be  light  and  placed  so  as  to  act  as  reinforce¬ 
ment  to  the  concrete.  It  is  my  opinion  that  the  steel  should  be 
erected  complete  ahead  of  the  concrete  so  as  to  give  the  frame 
the  desired  shape  and  serve  to  carry  all  necessary  working  plat¬ 
forms.  After  the  steel  is  in  place  the  concrete  can  be  poured  into 
forms  in  the  same  manner  as  in  concreting  an  ordinary  steel  tipple. 
In  many  tipples  when  concreted,  a  large  portion  of  the  steel  is  on 
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the  neutral  axis  of  the  completed  member.  This  should  be 
avoided  in  a  new  design.  The  concrete  should  be  heavy  enough  to 
insure  against  any  considerable  vibration.  A  little  more  concrete 
material  will  raise  the  cost  of  the  job  very  little  and  will  aid  ma¬ 
terially  in  prolonging  the  life  of  the  structure.  Care  should  be 
exercised  in  placing  the  weight.  Heavy  struts  and  braces  should 
be  avoided,  making  the  majority  of  weight  in  the  columns. 

From  experience  in  concreting  existing  tipples,  I  do  not  be¬ 
lieve  it  would  require  much  more  time  to  erect  a  tipple  of  this  kind 
than  one  of  steel  when  time  required  in  fabrication  is  included. 
After  a  tipple  of  this  kind  is  built  it  will  require  very  little  further 
attention  if  the  work  has  been  properly  done.  It  will  probably 
require  a  cement  or  waterproofing  coat  of  some  kind  in  a  few 
years  after  erection  to  prevent  weathering,  but  the  expense  should 
be  very  small,  to  preserve  the  structure  for  the  life  of  the  mine. 

The  Author:  Mr.  Lewis  has  said  that  the  choice  of  plat¬ 
form  or  self-dumping  cage  is  still  a  disputed  point.  No  doubt 
this  is  a  matter  for  debate  in  many  instances,  but  I  believe  my 
statement  that  the  consensus  of  opinion  is  in  favor  of  the  former 
when  friable  coals  are  to  be  prepared  for  market  is  justified  by 
the  actual  installation  of  such  plants.  No  one  would  increase  the 
structure  to  the  extent  required,  and  add  the  extra  units  necessary 
to  dump  the  coal  and  handle  the  mine  cars  with  the  extra  labor 
these  require  unless  he  expected  some  advantage  over  the  simpler 
installation  to  be  derived  from  the  additions.  And  for  the  condi¬ 
tions  mentioned,  platform  cages  are  the  rule  rather  than  the 
exception. 

As  to  the  time  required  for  caging,  I  believe  that  as  ordi¬ 
narily  operated  the  self-dumping  cage  is  much  faster  than  the 
platform.  Perhaps  Mr.  Lewis  referred  to  the  fact  that  the  hoist 
operator  should  slow  the  cage  as  much  as  possible  while  passing 
through  the  dumping  guides  so  as  to  spread  the  coal  over  the 
screen.  This  would  apply  to  tipples  having  no  feeder  before  the 
screen.  In  passing,  I  would  repeat  that  such  feeders  are  neces¬ 
sary  if  the  best  results  are  to  be  secured.  But  even  though  the 
operator  retard  the  cage  as  much  as  possible  during  the  short  time 
it  is  passing  through  the  dump  guides,  I  doubt  if  any  appreciable 
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time  is  lost  in  comparison  with  the  other  cage,  seeing  that  the 
latter  must  also  be  retarded  to  prevent  damage  at  the  bottom, 
that  it  must  be  hoisted  above  the  landing  point  and  then  lowered 
on  the  landers,  and  that  it  must  be  hoisted  again  off  the  landers 
before  it  can  be  lowered.  I  am  inclined  to  think  that  the  self¬ 
dumping  cage  will  always  be  the  faster,  and  as  it  also  results  in 
the  simpler  plant  I  would  always  prefer  it,  except  in  the  case 
mentioned,  where  a  very  friable  coal  is  to  be  sized  and  prepared 
for  market. 

As  to  vibration,  I  think  the  many  reinforced  concrete  high¬ 
way  and  railway  bridges  erected  all  over  the  country  show  that 
this  material  can  be  used  to  withstand  much  more  severe  vibra¬ 
tion  than  any  we  are  likely  to  encounter  in  tipples  properly  de¬ 
signed.  The  vibration  we  have  in  some  tipples  is  due  to  the  very 
flexible  material  used  (structural  steel),  to  a  lack  of  proper 
bracing,  and  to  unbalanced  shaking  screens.  It  is  the  business  of 
the  engineer  to  eliminate  the  two  latter  causes  in  designing,  and 
the  substitution  of  a  very  much  heavier  and  more  rigid  material 
will  eliminate  the  first,  so  that  in  the  resulting  structure  destruc¬ 
tive  vibration  will  be  non-existent.  This  is  the  experience  with 
old  tipples  that  have  been  concreted. 

Referring  to  Prof.  Meller’s  remarks  as  to  dependent  sequences 
in  mining,  perhaps  I  should  have  said  that  the  underground  oper¬ 
ations  tend  to  form  such  a  sequence  as  I  used  for  illustration. 
The  dependence  is  there,  and  if  the  terms  were  infinitely  extended, 
and  no  provision  made  to  reduce  the  dependence,  the  output 
would  indeed  vanish,  as  he  says.  What  I  wanted  to  bring  out  is 
the  importance  of  providing  storage  facilities  between  the  haul¬ 
age  units,  and  similar  provision  at  other  places  to  prevent  the 
formation  of  any  series  entirely  dependent,  the  disastrous  effects 
of  which  Prof.  Meller  has  so  well  shown. 

As  to  the  difficulty  of  compensating  bidders  for  engineering 
work,  it  seems  to  me  that  this  is  no  greater  than  the  difficulty  of 
figuring  the  proper  compensation  for  any  other  professional  work. 
Even  a  fixed  sum,  the  same  for  all  competitors,  and  for  all  struc¬ 
tures  of  the  same  class  would  be  a  great  improvement  over  no 
compensation. 


GAS  WELDING  AND  CUTTING 


WELDING  HEAVY  PARTS 

By  C.  K.  Bryce* 

Fusion  welding  by  the  oxy-acetylene  process  in  both  cast  iron 
and  steel  of  heavy  sections  is  meeting  with  greater  favor  as  the 
engineering  and  mechanical  field  gain  more  confidence  in  the 
process  and  grow  to  appreciate  its  merits  and  limitations.  Like 
many  new  processes,  the  practical  applications  at  its  inception 
developed  more  rapidly  than  the  theoretical  and  experimental 
study,  with  the  result  that  often  after  a  disastrous  experience  the 
process  was  condemned,  where  in  reality  a  misconception  of  the 
components  entering  into  the  reaction  was  the  cause  of  the  failure. 

There  has  been  a  scarcity  of  welders  capable  of  handling 
large  work,  but  this  deficiency  is  being  rapidly  reduced.  Gradually 
the  welders  are  giving  more  attention  to  the  technical  and  metal¬ 
lurgical  conditions  involved,  and  the  field  of  application  is  broad¬ 
ening  rapidly. 

The  process  has  been  established  for  a  sufficient  length  of 
time  to  point  out  the  fundamental  methods  of  procedure.  As  the 
subject  is  more  carefully  studied,  various  refinements  and  changes 
will  be  introduced  which  will  add  greatly  to  the  quality  and 
economy  of  process.  In  the  present  stage  of  the  process,  experi¬ 
ence  has  shown  certain  limitations. 

In  steel  welding,  where  the  section  being  welded  is  sub¬ 
mitted  to  strain,  the  greatest  success  has  been  attained  in  sections 
under  six  inches  if  square,  and  five  inches  if  round.  In  plate 
work,  metal  1%.  to  V/2  inches  in  thickness  has  been  welded  satis¬ 
factorily.  In  cast  iron  the  size  of  the  section  is  limited  only 
by  the  amount  of  pre-heating  that  can  be  given  it  and  the  effect 
of  the  resulting  expansion.  Sections  as  heavy  as  12,  14  and  16 
inches  have  been  welded  successfully. 

The  high  temperature  attained  by  the  oxy-acetylene  flame 
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was  known  by  scientists  many  years  ago.  It  has  only  been  within 
recent  years  that  the  production  of  both  the  gases  used  has  been 
large  enough  and  at  a  sufficiently  low  cost  to  warrant  the  appli¬ 
cation  of  the  flame  to  commercial  operations. 

Oxygen  as  now  supplied  is  secured  from  manufacturers  em¬ 
ploying  two  processes,  liquid  air  and  electrolysis  of  water. 

The  greater  volume  supplied  today  is  obtained  from  the 
liquid  air  process.  The  fundamental  principle  involved  in  this 
process  is  that  of  first  liquifying  the  air,  and  then  by  means  of 
various  rectifying  and  separatory  stages  to  remove  the  nitrogen 
by  evaporation.  The  oxygen  manufactured  by  this  process  varies 
between  98  and  99  percent  in  purity. 


Fig.  1 

In  the  electrolytic  process,  water  of  either  slight  alkalinity 
or  acidity  is  dissociated  by  means  of  the  passage  of  a  slight  direct 
current  through  it,  oxygen  being  liberated  and  collected  at  the 
positive  and  hydrogen  at  the  negative  pole  of  the  cell. 

The  oxygen  is  stored  in  a  gas  holder  and  then  compressed 
into  cylinders.  The  filling  pressure  is  practically  standardized  to 
1800  lb.  The  cylinders  used  are  of  varying  sizes,  ranging  from 
100  to  250  cu.  ft.  capacity.  The  most  economical  container,  how¬ 
ever,  from  the  standpoint  of  shipping  weights  is  the  200  ft.  cvl- 
inder,  which,  as  manufactured  by  one  company,  has  a  weight  of 
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Fig.  2 

lb.  per  cubic  foot  of  gas.  Others  vary  from  4/5  of  a  pound 
to  1-1/5  lb.  per  cubic  foot  of  gas. 

Acetylene  is  derived  from  the  reaction  of  water  with  cal¬ 
cium  carbide.  It  is  used  direct  from  the  generator  or  is  com¬ 
pressed  into  tanks  filled  with  asbestos  or  infusorial  earth  mix¬ 
tures  saturated  with  acetone.  The  generated  gas  is,  of  course, 
cheaper  and,  where  possible,  should  be  used. 

Acetylene  is  a  saturated  hydrocarbon  and  has  the  property 
of  evolving  heat  when  dissociated.  It  is  because  of  this  property 
that  the  high  temperature  in  combustion  with  oxygen  is  produced. 

The  oxv-acetylene  flame  consists  of  two  phases  of  combus¬ 
tion.  There  is  an  inner  incandescent  cone  which  represents  the 
primary  stage,  and  a  bushy  non-luminous  envelope  denoting  the 
secondary  phase. 

The  inner  cone  is  naturally  of  the  greatest  heat  intensity  be¬ 
cause  the  dissociation  of  the  acetylene  takes  place  at  this  point. 

For  complete  combustion,  acetylene  requires  two  and  one- 
half  volumes  of  oxygen.  It  is  only  necessary  to  supply  one 
volume  of  this  through  the  blowpipe,  as  the  secondary  combus- 
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tion  utilizes  the  oxygen  from  the  air. 

The  temperature  reached  in  this  flame  is  stated  by  various 
investigators  to  be  from  5300  to  7000  deg.  Fahr.  The  commonly 
accepted  temperature,  however,  is  6300  deg.  Needless  to  say, 
this  is  considerably  above  the  melting  points  of  all  metals.  The 
excess  of  temperature  is  utilized  in  offsetting  losses  and  heat 
dissipation  due  to  conductivity  of  the  metal  radiation,  latent  heat 
of  fusion,  etc. 

Inasmuch  as  the  gases  utilized  in  the  blowpipe  are  separately 
controlled,  it  is  possible  to  obtain  flames  of  three  pyrochemical 
types.  1  he  most  efficient  type  is  that  in  which  the  gases  are  in 
perfect  combustion.  This  is  called  the  neutral  flame.  The  other 
two  types  are  produced  when  either  oxygen  or  acetylene  are  in 
excess  in  the  primary  phase  of  the  combustion. 

The  correctly  proportioned  mixture  produces  a  flame  in 
which  the  incandescent  cone  exerts  neither  an  oxidizing  or  car¬ 
bonizing  effect.  It  is  this  type  of  flame  that  should  be  used 
exclusively  for  cast  iron  and  steel  welding.  It  can  be  identified 
by  the  clear  definition  and  high  luminosity  of  the  central  cone. 

The  most  injurious  flame  is  that  in  which  an  excess  of 
oxygen  exists.  This  flame  can  be  identified  by  the  weak,  streaky 
color  and  low  luminosity  of  the  incandescent  jet  and  by  its  poor 


Fig.  3 


TOO  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 


Fig.  4 


definition.  This  type  of  flame,  also,  does  not  give  the  maximum 
temperature.  Its  use  should  be  avoided  under  all  conditions  of 
welding. 

The  third  type  of  flame,  which  contains  an  excess  of  acety¬ 
lene,  does  not  have  such  an  injurious  effect.  It  should  be  avoided, 
however,  particularly  in  steel  welding,  as  it  will  exert  a  harden¬ 
ing  influence  on  the  weld.  It  is  identified  by  means  of  a  larger 
zone  of  incandescence ;  the  incandescence,  however,  not  being  of 
the  clear  qualities  of  the  neutral  flame.  It  is  not  as  hot  as  the 
neutral  flame,  and  for  that  reason  is  used  to  some  extent  on  brass, 
bronze  and  aluminum  work. 

Inasmuch  as  the  welding  of  heavy  sections  is  confined  almost 
exclusively  to  cast  iron  and  steel,  the  properties  of  these  metals 
will  be  considered  with  the  view  of  showing  the  proper  pro¬ 
cedure  for  counteracting  any  injurious  effects  that  may  occur 
during  welding. 

In  the  welding  of  cast  iron,  the  metal  is,  at  the  point  of 
fusion,  reduced  to  the  same  fluid  state  from  which  it  has  been 
poured.  It  is  because  of  this  lack  of  change  in  structure  that  this 
material  lends  itself  particularly  well  to  fusion  welding.  In  car¬ 
rying  out  this  operation,  the  same  problems  in  treatment  of  the 
welded  portion  must  be  considered  as  in  original  melting. 

The  metal  must  be  annealed  or  cooled  slowly  in  order  that 
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the  graphitic  carbon  may  have  time  to  precipitate. 

In  the  fusion  that  occurs,  certain  constituents  volatilize, 
among  them  silicon.  The  volatilization  of  silicon  must  be  taken 
care  of,  otherwise  the  tendency  to  produce  white  iron  is  increased 
and  the  fluidity  of  the  metal  is  reduced.  By  using  a  filling  ma¬ 
terial  of  relatively  high  silicon  content,  the  loss  due  to  volatiliza¬ 
tion  and  oxidation  is  compensated. 

The  welding  of  cast  iron  consists  in  melting  the  edges  of  the 
members  to  be  jointed  and  while  in  intimate  fusion  to  introduce 
additional  molten  metal  to  replace  that  removed  to  facilitate  the 
procedure.  This  introduces  a  factor  that  must  be  seriously  con¬ 
sidered.  Inasmuch  as  the  iron  is  added  in  comparatively  small 
quantities,  the  possibilities  of  oxidation  are  great.  The  oxide  of 
iron  melts  at  a  temperature  above  that  of  the  metal,  and  if  allowed 
to  remain  would  prevent  the  intimate  fusion  of  the  added  metal 
with  the  edges  of  the  fracture.  Fortunately,  iron  oxide  can  be 
reduced  to  a  low  melting  point  borosilicate  by  the  use  of  a  suitable 
flux.  In  this  way,  the  oxide  is  constantly  removed  by  floating  it 
to  the  surface  of  the  metal  and  allows  the  molten  metal  beneath  to 
flow  together  into  one  homogeneous  mass. 

Lastly,  the  welding  reaction  is  one  of  great  thermal  intensity, 
with  a  resultant  excessive  expansion  and  contraction.  Unless  the 
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casting  being  welded  is  properly  expanded  before  welding,  the 
contraction  in  the  weld  will  create  internal  stresses,  which  if  they 
do  not  cause  fracture  in  the  weld  itself  will  reduce  the  strength  so 
that  an  external  strain  of  reduced  force  will  cause  its  rupture. 
Proper  pre-heating  and  annealing  is  the  safest  way  to  overcome 
this. 

Welding  of  heavy  steel  sections  is  accompanied  by  a  great 
many  more  complications,  due  to  its  sensitiveness  to  heat  changes. 

Steel  castings  do  not  offer  the  difficulties  that  occur  in 
worked  or  rolled  steel  sections.  The  grain  of  the  weld  is  approxi¬ 
mately  that  of  the  original  metal,  and  by  annealing  can  be  further 
reduced  in  size. 

In  rolled  or  forged  sections,  it  is  necessary  to  both  anneal 
and  work  the  metal  by  hammering  at  the  proper  temperature  in 
order  to  overcome  the  great  disparity  in  grain  size. 

Steel  melts  at  a  higher  temperature  than  cast  iron,  and  does 
not  have  the  same  fluidity  in  the  molten  state.  It  is  because  of 
this  that  it  cannot  be  puddled  and  must  be  welded  by  filling  in 
small  layers  at  a  time.  Molten  steel  has  a  high  affinity  for 
oxygen,  and  in  the  process  of  its  addition  in  welding  it  has  ample 
opportunity  to  effect  combination.  If  not  properly  removed,  the 
oxide  will  effectually  prevent  the  bonding  together  of  the  differ¬ 
ent  fusions. 

In  welding  heavy  sections,  care  must  be  taken  to  give  proper 
preparation  to  the  edges  to  be  joined.  In  both  steel  and  cast 
iron,  the  edges  should  be  chipped  or  chamfered  out  so  that  the 
slope  of  the  sides  will  give  an  angular  opening  of  90  deg.  In 
addition  to  this  the  surfaces  adjacent  to  the  joint  should  be 
chipped  or  scraped  until  bright. 

Suitable  preparations  should,  of  course,  be  made  to  handle 
the  object  while  welding.  If  it  is  necessary  to  turn  the  casting 
while  welding,  arrangements  in  the  way  of  jacks,  bars,  chain 
blocks,  etc.,  should  be  made  to  do  this.  The  preparation  should 
be  such  that  after  the  welding  is  once  started,  it  can  be  carried  on 
continuously  until  completed. 

All  heavy  work  should  be  pre-heated.  In  cast  iron  this  is 
necessary  in  order  to  eliminate  chance  of  failure  through  con¬ 
traction  and  expansion  strains.  While  the  chance  of  failure  in 
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steel  is  not  as  great  because  of  this,  nevertheless  the  internal 
strains  in  the  weld  will  he  reduced  by  this  procedure. 

In  addition  to  offsetting  the  mechanical  difficulties,  pre¬ 
heating  should  he  used  to  introduce  a  certain  quantity  of  heat 
into  the  metal  that  would  otherwise  he  supplied  hv  the  blowpipe. 
This  reduces  the  cost  of  the  operation  considerably. 

In  both  cast  iron  and  steel  welding,  the  best  results  are 
obtained  when  there  is  the  greatest  amount  of  metal  in  fusion. 
This  is  particularly  true  in  cast  iron,  where  the  metal  is  puddled. 
In  steel,  because  of  its  high  melting  point,  proper  pre-heating 
increases  the  speed  at  which  welding  can  be  done. 

In  performing  heavy  welding,  care  must  be  exercised  in 
selecting  proper  apparatus.  Blowpipes  specially  constructed  for 
this  kind  of  work  can  be  obtained.  They  are  built  with  an  extra 
long  handle,  and  in  some  cases  with  a  water-cooled  head.  The 
construction  is  very  strong  throughout  and  all  joints  exposed  to 
the  flame  are  of  special  heat-resisting  metal.  The  tips  are  made 
of  copper.  1  his  is  the  most  satisfactory  metal  because  of  its 
high  thermal  conductivity.  Nickel,  monel  metal  and  other  high 
melting  point  alloys  do  not  have  the  conductivity  necessary  for 
this  application. 

GAS  CYLINDERS 


OXYGEN 

Filling  Pressure  1800  lb. 

ACETYLENE 
Filling  Pressure  250  lb. 

Capacity  (cu.  ft.). . .  . 

100 

200 

250 

100 

300 

300 

Height  Overall  (in.) . 

48 

56 

68 

33 

35 

38)  2 

Outside  Dia.  (in.) . . . 

7_a_ 

OH 

9  a 

8H 

1238 

123  8 

Weight  full  (lb.) .... 
Weight  per  cu.  ft. 

84 

150 

2„9 

92  y2 

215 

235 

gas  (lb.) . 

0.84 

0.75 

0.96 

0.93 

0.72 

0.78 

I  hese  blowpipes  will  consume  from  fifty  to  eighty  cubic 
feet  of  each  gas  per  hour.  In  some  large  jobs  three  or  four  of 
these  have  been  used  simultaneously.  On  such  work,  however, 
it  is  necessary  that  relief  operators  be  present,  as  one  welder 
cannot  remain  at  this  class  of  work  for  a  period  of  more  than 
a  half  hour. 

A  continuous  gas  supply  is  an  important  feature  in  heavy 
welding.  With  use  of  blowpipes  of  the  size  mentioned,  a  single 
standard  oxygen  cylinder  would  soon  be  exhausted.  Each  blow- 
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pipe  should  be  connected  to  a  manifold  of  cylinders  of  sufficient 
number  to  supply  oxygen  continuously  to  the  blowpipe  through¬ 
out  the  job. 

The  same  is  true  for  the  acetylene  supply,  particularly  in 
those  cases  where  dissolved  or  cylinder  acetylene  is  used.  Where 
generators  are  used,  they  should  be  of  sufficient  size  to  supply  the 
proper  volume  of  gas  without  overheating. 

Acetylene  cylinders  of  less  than  22 5  cubic  feet  should  never 
be  used  on  work  of  this  class.  When  the  gas  consumption  is 
greater  than  60  ft.  an  hour,  two  or  more  cylinders  should  be 
manifolded  together  and  gas  drawn  equally  from  all  in  the  series. 
This  not  only  insures  continuous  operation,  but  also  gives  the 
proper  rate  of  gas  release  from  the  individual  cylinders.  If  gas 
is  drawn  at  a  faster  rate  than  that  given,  the  acetone  is  entrained, 
with  the  result  that  the  flame  is  cooled  and  the  solvent  content  of 
the  cylinder  is  reduced. 


TABLE  OF  WELDING 


Per  Hour 

Per  Lineal  Foot 

Thickness 

Speed 

Oxygen 

Acetylene 

Oxygen 

Acetylene 

Filling 

of  Metal 

Ft. 

Cu.  Ft. 

Cu.  Ft. 

Cu.  Ft. 

Cu.  Ft. 

Mat’l  Lb. 

M  in . 

7.0 

19.07 

17.72 

2.72 

2.53 

0.195 

%  in . 

4. 

26.80 

2.5 . 60 

5.9 

5.69 

0.350 

y2  in . 

3.0 

£9.70 

38.80 

13.2 

12.93 

0.555 

%  in . 

1 .  5 

48-.  30 

46.10 

32. 

31.08 

1.250 

1  in . 

1.0 

72.01 

67.96 

7-  .0 

67.96 

1.920 

After  welding  has  been  completed,  it  is  necessary  that  the  cast¬ 
ing  or  member  be  protected  from  abnormal  cooling.  In  general, 
in  work  of  this  size,  the  slowest  rate  of  cooling  possible  is  best. 
Arrangement  should,  therefore,  be  made  to  provide  suitable  pro¬ 
tective  and  insulating  means  for  this  stage  of  the  work. 

The  quality  of  the  weld  produced  is  dependent  on  the  method 
in  which  it  is  handled  and  on  the  competency  of  the  operators 
employed.  In  cast  iron  work,  which  has  been  satisfactorily  pre¬ 
heated  and  annealed  and  in  which  the  actual  addition  of  welding 
metal  has  been  properly  handled,  the  resultant  joint  will  show  an 
efficiency  of  practically  that  of  the  original  section.  This  is  pos- 
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Fig.  6 

sible  because  the  state  of  the  metal  in  the  weld  and  adjacent 
material  is  practically  homogeneous. 

In  the  heavier  steel  sections,  however,  the  strength  of  the 
joint  is  not  so  high.  In  cast  steel  the  strength  of  the  joint  will  be 
greater  than  in  rolled  steel  sections.  This  is  due  to  the  fact  that 
the  quality  of  the  grain  in  the  cast  steel  weld  more  nearly  ap¬ 
proaches  that  of  the  original  metal.  In  rolled  or  forged  sections, 
where  the  weld  can  be  treated  both  by  heat  and  mechanical  work, 
the  strength  of  the  section  will  be  very  good.  In  the  heavier  sec¬ 
tions  it  is  rather  difficult  to  give  homogenous  treatment  through¬ 
out  the  weld,  with  the  result  that  the  same  strength  is  not  secured 
as  in  the  lighter. 

The  average  steel  weld  will  vary  from  80  to  92  percent  ten¬ 
sile  strength,  dependent  on  size  of  section,  treatment  and  other 
factors  that  enter  into  the  operation.  Tests  on  ]/2  in.  boiler 
coupons  have  shown  as  high  as  96  percent  of  the  original  strength. 

This  process  has  been  used  successfully  in  the  manufacture 
of  large  high-pressure  air  receivers,  vacuum  dryers,  locomotive 
shells,  ammonia  receivers  and  other  heavy  plate  metal  construc¬ 
tion.  It  is  used  extensively  in  locomotive  and  car  repair  shops  for 
repairing  fire  boxes,  welding  broken  locomotive  frames,  engine 
cylinders  and  other  heavy  locomotive  parts.  It  has  attained  great 
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Fig.  7 

success  in  the  repair  of  broken  engine  and  machine  tool  beds, 
cracked  cylinders  and  cross-head  guides  of  gas  and  steam  engines, 
and  other  castings  of  this  nature. 

A  notable  job  was  recently  completed  in  which  the  thirty-ton 
spider  hub  of  a  huge  gyratory  crusher  was  welded.  This  required 
over  sixty  hours  of  continuous  welding,  three  blowpipes  being  in 
constant  service.  In  order  to  accomplish  this  job,  nine  hundred 
pounds  of  filling  material  was  added.  See  Fig.  1.  This  is  pos¬ 
sibly  the  largest  oxy-acetylene  job  completed  in  this  country. 

Another  job  that  required  very  precise  handling  was  that  of 
shortening  a  barometric  condenser  casting.  This  required  ac¬ 
curacy  throughout  the  entire  operation.  It  was  necessary  to  re¬ 
move  an  eighteen-inch  section  of  this  casting  and  to  reweld  the 
flange  so  that  it  would  match  with  its  companion. 

Figs.  2  to  6  show  different  stages  in  the  progress  of  weld¬ 
ing  this  part.  When  the  job  was  completed  there  was  an  error  of 
only  3/32nds  of  an  inch  in  alignment,  which  was  easily  allowable. 

Fig.  7  shows  a  cast  steel  rolling  mill  pinion  in  which  a  tooth 
was  broken.  The  tooth  was  built  up  by  the  oxy-acetylene  process 
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in  72  hours,  although  pre-heating,  etc.,  caused  the  joh  to  take 
about  a  week.  This  not  only  reclaimed  a  casting  worth  $1400, 
but  also  reduced  the  idle  time  of  the  mill  from  six  weeks  to  a 
little  over  one  week. 


USE  IX  STEEL  FOUNDRIES 

By  J.  B.  Henry* 

I  he  use  of  gases  for  welding  and  cutting  in  steel  foundries 
has  been  developed  during  the  last  five  years.  The  management 
of  foundries  making  steel  castings  have,  up  to  the  present  time, 
given  very  little  attention  to  the  development  of  this  part  of  their 
practice,  having  depended  on  the  manufacturers  of  gases  and 
equipment  and  watching  general  results  as  regards  costs.  This 
condition  is  to  be  expected  when  we  consider  that  steel  castings 
were  not  made  in  this  country  commercially  until  about  forty-five 
years  ago.  i  he  major  development  of  the  industry  has  all  taken 
place  in  the  last  twenty-five  years. 

The  capacity  of  plants  equipped  to  make  steel  castings  at  the 
present  time  is  over  1  000  000  gross  tons  per  year.  This  is  ap¬ 
proximately  ten  times  the  capacity  of  25  years  past  and  about 
three  times  that  of  10  years  ago.  The  steel  foundrymen,  judging 
from  these  statements,  have  some  excuse  for  not  having  worked 
out  some  of  the  refinements  of  practice,  and  some  of  the  econo¬ 
mies  that  are  to  be  much  desired.  Much  energy  has  been  ex¬ 
pended  in  increasing  capacities  and  equipment.  With  the  refine¬ 
ment  of  practice  and  study  of  economies  that  will  naturally  follow 
in  the  next  few  years,  gas  cutting  and  welding  will  be  given  the 
attention  that  its  increasing  use  demands. 

Few  users  of  oxygen  realize  the  magnitude  of  consumption 
of  oxygen  in  the  metal  trades  in  this  country,  as  well  as  Europe, 
where  the  development  is  in  advance  of  that  in  the  United  States. 
During  July  of  this  year  there  was  consumed  in  the  Pittsburgh 
district  approximately  5  750  000  cu.  ft.  of  oxygen  and  the  con¬ 
sumption  has  increased  somewhat  since  then.  This  is  at  a  rate 
of  about  ten  times  that  used  during  the  year  of  1912  and  first 

•General  Superintendent,  Union  Steel  Casting  Company,  Pittsburgh. 


708  PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA. 

part  of  1913.  It  is  estimated  that  45  percent  of  this  oxygen,  or 
about  1  150  000  cu.  ft.  per  month,  is  used  in  the  steel  foundries. 

We  will  now  consider  the  data  available  on  actual  costs  in 
daily  practice  of  cutting  with  oxygen  and  acetylene.  Test  after 
test  shows  that  the  best  average  practice  under  ordinary  condi¬ 
tions  is  a  cost  about  lc  per  square  inch  of  metals  cut  based  on 
present  market  price  of  oxygen  and  carbide.  This  cost  is  only 
oxygen,  labor  and  carbide,  but  does  not  include  any  overhead  ex¬ 
pense.  The  costs  secured  are  very  largely  the  matter  of  efficiency 
of  operators. 

The  details  that  make  for  efficiency  are : 

First:  Proper  regulation  of  flame  to  suit  work  being  cut. 
W  hen  cutting  light  sections,  oxygen  pressure  should  be  reduced 
accordingly. 

Second:  It  is  a  common  fault  to  hold  tip  too  far  from  the 
work. 

Third:  Proper  preparation  of  casting  to  be  cut.  If  amount 
of  work  being  handled  requires  maximum  output  of  torch,  a 
helper  should  remove  all  sand  and  scale  from  points  to  be  cut,  with 
chisel  and  hammer,  and  arrange  castings  on  a  suitable  bench,  so 
that  the  operator  can  go  from  one  casting  to  the  other  with  as 
little  loss  of  time  as  possible.  If  the  operator  is  working  without 
a  helper,  he  should  have  castings  properly  prepared  and  conveni¬ 
ently  placed  before  lighting  torch. 

Fourth:  Where  crane  service  is  available  and  a  torch  is 
being  worked  to  capacity,  an  economy  of  labor  can  be  effected 
by  placing  a  number  of  cylinders  in  a  convenient  holder  and 
handling  entire  lot  by  crane  from  cylinder  storage  to  cutting 
benches  or  platform. 

Present  standard  equipment  and  practice  using  oxygen  and 
acetylene,  or  other  fuel  gases,  can  be  improved  along  the  follow¬ 
ing  lines  : 

First:  A  nice  clean  cut  with  standard  equipment  can  be 
secured  when  thickness  of  metal  is  3  inches  or  less.  When  cut  is 
through  heavier  metal,  the  flame  spreads  and  cut  is  so  rough  that 
it  requires  excessive  grinding  to  put  casting  in  good  condition. 

Second:  Some  practice  whereby  the  torch  can  be  held 
steadier  than  possible  with  present  design.  Many  cuts  would  be 
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ns  smooth  ns  though  cut  by  a  cold  saw  it  it  were  not  for  oper¬ 
ator  s  involuntary  movement  of  torch  when  cutting. 

Third.  Change  in  practice  or  equipment  to  do  away  with 
back  firing. 

Fourth;  Some  method  whereby  gas  can  be  shut  off  when 
not  actually  in  use,  and  relighted  instantly  when  required. 

We  will  consider  next  the  relative  cost  of  gas  cutting  to  the 
cost  of  preparing  steel  castings  for  the  market.  One  of  the  larger 
foundries  in  this  district  has  used  as  high  as  $1.00  worth  of 
oxygen  per  ton  on  a  1500  ton  monthly  production  of  miscellane¬ 
ous  castings.  1  he  costs  for  this  particular  month  were  somewhat 
higher  than  good  practice  allows.  An  analysis  of  cost  data  from 
this  foundry  covering  an  extended  period  shows  that  best  results 
were  secured  when  cost  of  oxygen  was  kept  down  to  50c  per  ton. 

Some  of  the  reasons  for  this  condition  on  miscellaneous  of 
castings  is  as  follows  : 

First:  I  he  cheapest  method  of  removing  feeding  heads  and 
gates  is  to  break  oft  close  to  casting  after  nicking,  leaving  a  sur¬ 
face  under  the  head  which  needs  to  be  ground  only  slightly.  There 
is  a  tendency  in  foundries  when  gas  cutting  is  used  freely  to  get 
careless  and  very  materially  increase  cost  of  removing  feeding 
heads  from  certain  types  of  castings  over  and  above  what  it 
would  be  if  gas  cutting  was  not  in  use. 

Second:  Another  method  of  removing  larger  feeding  heads 
is  to  place  a  pad  about  )/2  in.  thick  on  pattern  under  opening  of 
head  on  casting.  When  head  is  broken  off,  part  of  this  raised 
surface  added  to  pattern  is  removed  with  head.  The  balance  of 
this  raised  surface  or  pad  is  removed  by  foundries  on  planer, 
shaper  or  boring  mill.  On  account  of  the  presence  of  gas¬ 
cutting  practice,  many  of  these  castings  require  excessive  cost  of 
removing  heads,  as  heads  are  not  carefully  formed  in  mold  and 
cannot  be  broken  off.  The  heads  are,  therefore,  burned  off  and 
the  pad  at  base  of  head  machined,  increasing  the  cost. 

Third,  there  are  many  castings  that  require  such  heading 
that  gas  cutting  is  by  all  odds  the  cheapest  method  of  removing 
the  heads.  If  gas  cutting  was  used  for  these  castings  only  a 
greater  economy  would  be  affected. 
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Fourth:  Where  a  plant  is  equipped  with  cold  saws  for  re¬ 
moving  heads  or  risers,  test  records  show  a  lower  cost  for  saving 
than  gas  cutting  for  certain  classes  of  castings,  and  the  opposite 
for  other  types  of  castings. 

In  passing  it  might  be  pertinent  to  remark  that  introduction 
of  gas  cutting  has  enabled  the  foundries  to  furnish  better  castings 
of  many  designs,  as  with  the  standard  foundry  equipment  it  is 
impossible  to  remove  heads  of  sufficient  size  to  thoroughly  feed 
casting. 

In  reference  to  the  general  matter  of  welding  with  gases  in 
steel  foundries,  we  believe  it  is  general  practice  to  do  practically 
all  the  welding  on  heavier  castings  weighing  over  500  lb,  with  the 
electric  arc  welder,  using  a  carbon  arc.  Some  foundries  are 
welding  their  lighter  castings  with  gases,  but  there  seems  to  be 
a  strong  tendency  to  get  away  from  this  on  account  of  the  high 
cost,  and  are  using  instead  the  electric  welding  with  metal  elec¬ 
trode,  or  are  planning  to  do  so. 

One  reason  for  a  preference  for  welding  castings  with  gases 
has  been  on  account  of  less  discoloration  and  less  tendency  to 
hard  spots,  but  this  dfficulty  with  small  castings  has  very  largely 
been  removed  by  the  metal  electrode  welding  practice. 

The  practice  generally  followed  in  doing  high-class  welding 
with  gases  is  to  pre-heat  the  casting  in  some  kind  of  a  fire  or  fur¬ 
nace  before  applying  the  gases,  and  to  use  care  in  allowing  the 
casting  to  cool  down  slowly  after  the  weld  has  been  made,  if  the 
weld  has  been  in  the  nature  of  repairing  a  crack  in  the  casting. 
This  practice  is  essential  if  best  results  are  to  be  secured. 

It  is,  of  course,  impossible  to  make  any  comparison  of 
efficiency  in  gas  welding,  but  figures  which  have  been  collected 
indicate  that  the  average  welder  working  for  eight  hours  on  ordi¬ 
nary  class  of  work  will  use  from  $15  to  $20  worth  of  gases  in 
that  time. 

The  matter  of  gas  cutting  and  welding  in  steel  foundries  is 
capable  of  much  further  development,  especially  as  regards 
efficient  and  economical  use  of  the  gases,  and  the  steel  foundries 
owe  a  great  deal  to  the  different  manufacturers  who  have  pro¬ 
moted  the  sale  of  gases  and  apparatus  in  giving  them  material 
which  can  be  used  to  facilitate  output  and  reduce  costs. 
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ARMOR  PLATE  CUTTING 

By  A.  F.  Mitchell* 

Among  the  many  operations  in  the  manufacture  of  armor 
plates  is  the  cutting  after  being  forged  from  the  ingot.  The 
edges  and  ends  are  naturally  irregular  and  have  to  be  cut  to  fit 
the  locations  for  which  they  are  to  be  placed  on  the  ship.  This 
cutting  has  been,  and  is  yet,  principally  performed  by  the  use  of 
high-speed  steel  tools.  These  tools  are  used  on  such  machines  as 
planers  and  slow-speed  saws,  which  are  propelled  by  electric 
power  and  is  a  slow  and  expensive  method  of  removing  excess 
material.  A  more  rapid  method  is  desired,  which  we  now  have 
in  the  use  of  the  oxy-hydrogen  flame.  However,  the  oxy-hydro- 
gen  flame  in  its  present  stage  of  efficiency,  we  are  sorry  to  say, 
can  only  be  used  in  certain  cases.  This  is  due  principally  to  two 
evils :  First,  to  the  air  hardening  of  the  steel ;  and  second,  to  the 
roughness  of  the  cut  on  heavy  gauge  plates.  On  account  of  close- 
fitting  joints,  the  plates  have  to  be  cut  very  accurately  to  size, 
which  is  impossible  with  the  oxy-hydrogen  flame.  Cutting  close 
to  size,  or  in  other  words,  within  one-quarter  inch  of  the  finished 
line,  is  only  beneficial  when  the  plate  can  be  subsequently  an¬ 
nealed  to  remove  the  extreme  hardness  due  to  air  hardening  of 
the  steel.  This  annealing  is  necessary  for  a  finishing  machine  cut, 
as  the  high-speed  steel  tools  will  not  cut  the  steel  in  its  hardened 
condition.  The  air  hardening  also  prevents  the  drilling  of  lifting 
bolt  holes  or  cutting  of  keyway  slots.  However,  we  have  found 
the  oxy-hydrogen  flame  very  beneficial  in  many  instances,  and  will 
endeavor  to  explain  its  workings  to  the  best  of  our  ability. 

Scrap  Cutting:  In  the  manufacture  of  armor  plates,  which 
are  long  and  wide,  a  large  percentage  of  scrap  is  cut  from  the  top 
end  (with  reference  to  the  ingot),  in  addition  to  that  which  is  cut 
from  the  edges  and  bottom  end.  This  scrap  has  to  be  cut  into 
sizes  convenient  to  charge  in  the  open-hearth  furnace  for  re¬ 
melting.  As  no  attention  need  be  paid  to  the  air  hardening  of  the 
steel  or  roughness  of  cut,  oxy-hydrogen  cutting  has  been  found 
very  useful  in  this  respect.  The  previous  method  of  reducing  this 
scrap  to  charging  box  size  was  by  forging  and  shearing,  which  was 
slower  and  much  more  expensive. 

♦Assistant  to  Superintendent,  Armor  Plate  Dept.,  Homestead  Works, 
Carnegie  Steel  Company. 
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Types  of  Plates  Cut:  Armor  plates  are  manufactured  any¬ 
where  from  one  to  eighteen  inches  in  thickness,  the  lighter  plates 
being  used  on  the  decks  and  tops  of  turrets,  where  there  is  the 
least  possibility  of  attack  by  the  enemy’s  projectiles,  and  the 
heavier  plates  used  on  the  more  vital  parts  of  the  ships.  Each 
class  is  manufactured  of  alloy  steel.  It  is  obvious  that  the  rate 
of  machining  decreases  as  the  plates  increase  in  thickness. 

The  cutting  of  armor  plates  was  begun  at  Homestead  in 
1913,  and,  like  many  other  new  methods  and  processes,  was 
fraught  with  difficulties  which  had  to  be  overcome  until  it  reached 
its  present  stage  of  efficiency.  The  principal  difficulties  to  deal 
with  were  the  type  of  a  burner  to  cut  the  thicker  plates  and  a 
mechanically  propelled  burner  that  would  cut  on  a  practically 
straight  line  at  a  uniform  speed.  Up  to  the  present  time  we  have 
not  made  any  angular  or  circular  cuts  worth  mentioning. 

Burner:  The  burner,  shown  in  Fig.  8,  has  an  opening  m- 
to  5/32  in.  in  diameter.  This  burner  was  developed  in  the  armor 
plate  department  and  is  the  result  of  quite  a  number  of  experi- 
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Fig.  9 

ments  with  burners  of  different  types.  The  adjusting  is  done 
by  hand  screws,  so  that  when  a  plate  is  set  for  cutting,  the 
burner  can  be  raised  or  lowered  a  total  of  26  in.  or  moved  in  or 
out  on  its  supporting  arm  for  a  distance  of  6-1  in.,  which  facilitates 
the  handling  of  plates. 

The  Machine:  The  carriage  or  machine,  shown  in  Fig.  9. 
carries  the  supporting  arm  for  the  burner,  hose  and  pipes  for  the 
oxygen  and  hydrogen  gases,  a  motor,  and  an  operator  for  regu¬ 
lating  its  speed.  The  motor  has  two  speeds ;  the  first  2  to  15  in. 
per  min.,  and  the  second  speed  from  15  to  30  in.  per  min.,  or  a 
total  range  of  2  to  30  in.  per  min.  The  maximum  length  of  a 
cut  possible  is  330  in.,  or  21  ft.  6  in.,  which,  as  far  as  we  know,  is 
greater  than  any  machine  in  use  at  the  present  time.  The  carriage 
has  one  T  rail  and  one  V  rail,  the  object  of  the  V  rail  being-  to 
insure  steadiness,  which  means  straight  cutting. 

Oxygen  Quality:  It  is  an  important  fact  that  if  the  oxygen 
used  contains  any  appreciable  portion  of  inert  gases,  they  will 
retard  the  oxygen  from  thoroughly  burning  the  steel  and  will 
thus  render  good  or  deep  cutting  difficult.  The  presence  of 
nitrogen  manifests  itself  by  a  considerable  cooling  of  the  cut  and 
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diminishes  the  ease  of  penetration  of  the  oxygen.  The  time  for 
cutting  an  average  thickness  of  plate  is  doubled  when  the  nitrogen 
content  reaches  9  percent.  Nitrogen  also  exaggerates  the  influ¬ 
ence  of  irregularities  in  the  steel  when  they  are  present,  the 
nitrogen  causing  a  divergence  from  the  line  of  cut,  more  so  than 
when  the  oxygen  is  practically  pure.  Carbon  dioxide  in  oxygen 
has  the  same  influence  as  nitrogen.  For  example,  the  effects  of 
impurities  in  oxygen  are  given  in  the  following  table  which  shows 


results  on  a  mild  steel  plate 
long : 

24  in. 

thick  and 

about  67 y2 

Purity  of  Oxygen,  percent . 

. . . .99.3 

96.4 

83.3 

Cutting  Time,  in  seconds . 

. . . .  272 

360 

855 

Oxygen  Used,  in  cubic  feet . 

. . . .  7.5 

11.3 

18.9 

The  cut  with  the  99.3  percent  oxygen  was  very  good,  like  the 
high-speed  cold  saw  cut.  The  cut  with  the  96.4  percent  was 
ragged  and  cindery.  The  cut  with  the  88.3  percent  was  very 
rough  and  slaggy,  the  metal  not  being  properly  cut  through.  These 
tests  show  clearly  the  increase  in  cutting  time  and  oxygen  re¬ 
quired,  as  the  purity  of  the  oxygen  decreases.  From  the  tests  it 
would  appear  that  with  a  percentage  of  about  80  percent  it  is  not 
commercially  possible  to  cut  a  plate  24  in.  thick.  The  purity  of 
commercial  oxygen  fixed  at  95  percent  is  not  of  sufficient  purity 
for  rapid  and  efficient  cutting.  Oxygen  used  for  cutting  should 
be  98.5  percent  pure,  or  more.  The  oxygen  used  at  Homestead 
varies  in  purity  from  98  to  over  99  percent. 

Speed  and  Quality  of  Cutting:  With  a  nozzle  of  constant 
proportions  an  increase  in  pressure  of  the  oxygen  accelerates  the 
speed  of  cutting,  and  when  the  latter  reaches  a  maximum  it  is 
followed  by  a  very  rapid  decrease.  The  pre-heating  of  the  cutting 
jet  of  oxygen,  also  of  the  steel,  facilitates  cutting  and  permits  of 
considerable  economy  in  the  cost  of  cutting.  The  pre-heating 
flame,  starting  with  a  normal  value  and  varying  slightly  with  the 
thickness  to  be  cut,  can  be  doubled  or  trebled  without  causing  the 
least  increase  in  speed  of  cutting.  It  may  be  stated  that  a  too 
powerful  pre-heating  flame  retards  the  cutting  and  aids  in  giving 
irregular  surfaces.  On  the  contrary,  the  cutting  of  plates  oxidized 
or  encrusted  is  facilitated  by  the  employment  of  a  more  powerful 
heating  flame  than  that  which  is  required  to  cut  plates  with  clean 
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surfaces.  When  the  surface  of  the  plate  is  oxidized  it  is  cheaper 
to  remove  the  oxide  than  to  use  the  excess  gas  for  pre-heating. 
The  amount  of  gas  used  is  entirely  within  the  control  of  the  oper¬ 
ator,  and  he  can  use  just  the  proper  amount  necessary  to  obtain 
the  most  economical  cutting  under  any  condition.  Sufficient  gas 
pressure  should  be  used  to  force  the  molten  steel  and  oxide  clear 
through  the  cut;  if  less  is  used  pockets  may  be  formed.  While 
these  pockets  may  be  formed  by  the  lack  of  gas  pressure,  they  may 
also  be  produced  by  variations  in  the  quality  of  the  steel.  The 
oxygen  pressure  at  nozzle  of  burner  varies  from  10  lb.  for  plates 
one  inch  thick  to  120  lb.  for  plates  thirteen  inches  thick.  On  the 
above  plates  the  nozzle  pressure  on  hydrogen  varies  from  5  to 
8  lb.  Approximately  three  cubic  feet  of  oxygen  is  used  to  one 
cubic  foot  of  hydrogen. 


SPEED  OF  CUTTING 


Thickness 

Lineal 

Cu.  Ft.  of  oxygon 

Cu  Ft.  of  hyd 

of  Plate, 

inches 

used  per 

used  per 

Inches 

per  min. 

lineal  ft. 

lineal  ft. 

1 . 

..  24.00 

3.5 

3.25 

3 . 

..  18.00 

9.6 

5.00 

4  ^ . 

. .  10.00 

19.5 

9.30 

6 . 

..  8.00 

27 . 5 

11.25 

9 . 

4.25 

85.0 

18.00 

12 . 

..  5.30 

128.0 

21.50 

14 . 

7.35 

240.0 

40.0 

17 . 

9.1 

312.0 

54.00 

18 . 

..  9.45 

388.0 

65.6 

Our  best  record  for  speed  was  on  a  plate  13  in.  thick  and  330 
in.  long,  which  was  cut  in  105  min.,  or  at  the  rate  of  3.14  lineal 
inches  per  minute.  See  Fig.  10. 

It  has  been  found  that  as  our  steel  increases  in  carbon  con¬ 
tent,  the  difficulty  of  cutting  increases  also.  For  example,  the  case 
of  plates  with  super-carburized  surfaces,  this  surface  is  placed 
down  so  that  the  molten  steel  and  oxide  flowing  through  the  cut 
will  increase  the  cutting  effect  of  the  oxygen  flame.  When  cut  in 
this  manner  the  super-carburized  portion  is  as  smooth  as  the  re¬ 
mainder  of  plate. 

It  has  not  been  necessary  to  machine  bevels  or  drill  angular 
holes  to  start  the  oxy-hydrogen  flame  on  heavy  plates.  As  long 
as  the  edge  of  the  plate  is  practically  square,  no  difficulty  is  ex- 
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perienced.  Where  the  edge  is  so  irregular  as  to  keep  the  burner 
a  considerable  distance  away  from  the  plate,  assistance  is  neces¬ 
sary  in  starting  a  cut  in  the  form  of  very  thin  strips  of  easily 
fusible  steel. 

Gas  Cylinders:  The  oxygen  cylinders  contain  250  cu.  ft.  of 
gas  under  a  pressure  of  1800  lb.  per  sq.  in. ;  the  weight  of  each 
cylinder  is  approximately  208  lb. 

The  hydrogen  cylinders  also  contain  250  cu.  ft.  of  gas  under 
a  pressure  of  2200  lb.  per  sq.  in. ;  the  weight  of  each  cylinder  is 
approximately  185  lb. 

The  oxygen  supply  is  arranged  in  eight  batteries  of  twenty- 
eight  tanks  each.  Each  battery  of  tanks  lies  horizontally  and  all 
are  connected  to  one  supply  pipe,  making  it  possible  to  have  all 
of  the  batteries,  consisting  of  224  tanks,  or  7000  cu.  ft.  of  oxygen, 
in  use  at  one  time.  However,  the  object  of  arranging  the  bat¬ 
teries  as  described  is  to  permit  of  the  empty  tanks  being  removed 
and  replaced  by  full  ones  without  interfering  with  cutting  opera¬ 
tions.  The  same  arrangement  of  tanks  is  used  for  the  hydrogen 
gas  as  for  the  oxygen,  the  only  difference  being  that  the  number  of 
tanks  in  each  battery  is  only  18,  or  a  total  of  144  tanks,  with  a 
supply  of  4500  cu.  ft.  of  gas. 

Natural  Gas:  Considerable  experimental  work  has  been 
done  using  natural  gas  in  the  place  of  hydrogen  gas.  While  we 
are  not  yet  in  position  to  make  any  predictions  as  to  its  possible 
outcome,  we  can  say  that  up  to  the  present  time  it  has  been  used 
with  considerable  success.  The  only  exception  is  in  the  starting 
of  a  cut,  in  which  case  hydrogen  gas  must  be  used  to  start  the 
metal  to  burn,  after  which  time  the  natural  gas  is  substituted. 
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DISCUSSION 

Mr.  F.  H.  Kindl :*  Having  had  some  experience  with  the 
oxygen  melting  process  which  is  based  on  the  patents  of  Dr. 
Menne  of  Creuzthal,  I  was  asked  to  make  a  few  remarks  this 
evening  about  the  process  and  the  results  that  have  been  accom¬ 
plished  by  applying  it  in  blast  furnace  practice. 

Very  briefly,  the  general  idea  of  the  process  consists  in  heating 
a  mass  of  iron  or  steel  at  one  point  and  bringing  it  up  to  a  high 
temperature  so  that  the  metal  is  in  a  molten  state.  At  this  point 
a  high  pressure  of  oxygen  is  supplied  to  remove  the  molten 
masses. 

The  apparatus  is  very  simple  and  inexpensive.  It  consists 
of  a  cylinder  of  compressed  oxygen  and  a  cylinder  of  coal  gas. 
The  gases  in  each  tank  are  under  high  pressure ;  each  tank  con¬ 
tains  100  cu.  ft.  at  32  deg.  Fahr.  and  compressed  to  about  130 
atmospheres,  or  2000  lb.  per  sq.  in.  Each  tank  is  equipped  with 
a  special  gauge  to  read  the  tank  and  line  pressure.  The  burner 
consists  of  two  pipes,  one  inside  the  other,  from  ten  to  fifteen  feet 
long.  The  outside  pipe  is  ^4  in.  diameter  and  is  connected  to  the 
coal  gas  tank  by  a  heavy  rubber  hose.  The  inside  pipe,  or  the 
one  carrying  the  oxygen,  is  ]/&  in.  diameter  and  a  little  longer  than 
the  Y\  in.  pipe.  The  small  pipe  passes  through  a  stuffing  box  at 
one  end  of  the  burner.  At  one  end  of  the  small  pipe,  the  end 
passing  through  the  stuffing  box,  the  connection  to  the  oxygen 
tank  is  made  through  an  armored  steel  hose.  At  the  other  end  a 
copper  tube,  about  one  foot  long,  is  screwed  on.  1  his  copper 
tube  is  specially  drawn,  having  a  bore  of  about  1/10  inch.  1  his  is 
done  to  get  a  fine  jet  of  oxygen  leaving  the  tube.  1  he  copper  will 
also  withstand  the  heat  very  well. 

There  are  four  different  phases  of  this  process: 

First:  Preheating  the  iron  at  one  point  to  incandescency. 

Second:  The  combustion  of  the  iron  with  oxygen. 

Third:  Melting  of  additional  iron  due  to  the  heat  produced 
by  the  combustion  of  the  iron. 

Fourth:  The  removal  of  the  molten  masses  by  the  high  pres¬ 
sure  of  the  oxygen  blast. 

•Engineer  with  the  United  Engineering  and  Foundry  Company,  Pitts¬ 
burgh. 
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Let  us  cut  through  a  piece  of  steel.  The  burner  is  connected 
to  the  tanks  as  explained.  It  is  to  be  noticed  that  in  all  connec¬ 
tions  made  to  tanks  and  burner,  fiber  washers  must  be  used,  as  the 
oxygen  under  high  pressure  will  attack  any  rubber  or  greasy  sub¬ 
stances.  The  coal  gas  is  turned  on  and  lighted  ;  then  the  oxygen 
is  turned  on.  The  flame  is  pale  blue  with  an  inner  cone  and  is  the 
kind  of  a  flame  that  produces  the  greatest  heat.  The  flame  is  then 
directed  against  the  steel  to  be  cut,  the  pressure  of  both  gases 
being  kept  very  low  at  first,  but  gradually  the  oxygen  pressure  is 
increased  as  the  metal  becomes  heated.  As  the  iron  begins  to  melt 
and  finally  burns,  the  pressure  of  the  oxygen  is  increased  very 
much ;  at  the  same  time  the  coal  gas  may  be  decreased,  and  if  the 
heat  is  held  by  the  iron  burning  in  the  oxygen  the  coal  gas  may 
be  shut  off  entirely.  The  degree  of  heat  now  produced  is  very 
much  greater  than  when  the  coal  gas  was  burning  in  the  oxygen. 

Consider  for  a  moment  the  heating  effect  of  this  flame ;  it 
would  be  very  difficult  to  cut  through  a  large  piece  of  iron  or 
steel  with  the  oxygen-coal  gas  flame  as  the  only  heating  agent,  on 
account  of  the  great  volume  taken  up  by  the  coal  gas.  The  loss  of 
heat  through  derivation  would  be  too  great.  The  combustion  of 
the  iron  with  oxygen  takes  place  according  to  the  formula 

3  Fe2  +  4  O2  =  2  Fe3  O4. 

One  pound  of  iron  requires  4.27  cu.  ft.  of  oxygen  and 
develops  2980  B.t.u.  The  heat  developed  is  sufficient  to  further 
liquify  4.5  lb.  of  iron,  so  that  theoreticaly  by  the  combustion  of 
one  pound  of  iron  4^2  lb.  of  iron  can  be  melted,  or  a  total  of  5.5 
lb.  of  iron  can  be  removed,  at  the  expense  of  4.27  cu.  ft.  of 
oxygen.  4'he  temperature  caused  by  this  combustion  has  been 
determined  as  7660  deg.  Cent.,  while  the  temperature  of  the  pre¬ 
heating  flame,  even  if  hydrogen  is  used  instead  of  coal  gas,  will 
not  exceed  2700  deg.  Cent.  By  applying  the  oxygen  melting 
process  to  a  cold  steel  bloom  or  plate,  it  is  an  easy  matter  to 
pierce  it  in  a  few  seconds  or  minutes.  Such  results  cannot  be 
accomplished  by  using  an  oxygen-hydrogen  flame,  though  the 
temperature  of  this  flame  is  about  2700  deg.  Cent.,  as  previously 
stated,  while  iron  will  melt  at  about  1400  deg.  Cent.  This  is  due 
to  the  large  volume  of  hydrogen  or  other  combustible  gas  that 
must  be  handled  in  order  to  obtain  the  same  number  of  thermal 
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units  which  are  developed  by  the  combustion  of  one  pound  of  iron. 

I  his  is  explained  as  follows:  One  pound  of  hydrogen  has 
a  volume  of  179  cu.  ft.  and  its  combustion  will  develop  52  000 
B.t.u.,  or  290  B.t.u.  per  cu.  ft.  of  combustible.  One  pound  of 
iron  has  a  volume  of  0.002  cu.  ft.  and  its  combustion  will  develop 
2980  B.t.u.,  or  1  430  000  B.t.u.  per  cu.  ft.  of  combustible.  This 
shows  that  when  iron  is  burned,  the  heat  is  concentrated  upon  a 
volume  about  5000  times  smaller  than  when  hydrogen  combines 
with  oxygen,  or  we  may  say,  in  burning  one  pound  of  iron  with 
oxygen  we  have  5000  times  as  much  heat  produced  within  the 
same  space  as  when  burning  one  pound  of  hydrogen.  W  hen  the 
iron  burns  with  the  oxygen  the  heat  evolved  is  concentrated  upon 
a  very  small  area.  This  explains  the  enormously  high  tempera¬ 
tures  produced  and  the  quick  action. 

Going  back  to  our  operation  :  As  the  iron  continues  to  burn 
in  the  oxygen  and  the  removal  of  the  molten  masses  is  accom¬ 
plished  by  the  high  pressure  of  the  oxygen  blast,  the  burner  is 
advanced  into  the  hole.  Holes  from  one  to  seven  feet  can  be 
pierced,  having  a  diameter  from  one  to  two  inches  when  piercing 
directly.  If  a  larger  hole  is  desired  the  metal  can  be  cut  around 
the  smaller  hole.  The  time  required  to  cut  through  about  18  in. 
of  metal  is  only  from  40  to  50  seconds. 

This  process  gives  remarkable  results  when  employed  for 
opening  a  tuyere  which  is  blocked  by  iron  and  slag.  In  tapping 
the  tuyere  one  would  think  that  the  copper  of  the  tuyere  would 
be  melted.  This  is  not  the  case.  The  only  reasonable  explanation 
is,  that  a  thin  film  of  copper  oxide  having  the  same  coefficient  of 
expansion  as  the  copper  itself  will  protect  the  metallic  copper. 
This  fact  has  proven  of  great  value  in  furnace  practice,  as  a  blast 
or  slag  tuyere  can  be  thoroughly  cleaned  from  all  iron  adhering 
to  it  without  being  injured  in  any  way. 

1  he  process  has  been  successfully  applied  for  opening  tap 
holes  and  cinder  notches  of  a  blast  furnace.  Again,  in  an  open- 
hearth  furnace  it  is  of  great  importance  that  no  delay  should 
occur  in  tapping  when  the  liquid  metal  in  the  furnace  has  reached 
the  desired  degree  of  decarbonization.  The  tap  hole  can  be 
opened  in  a  few  minutes  with  this  process.  It  can  also  be  used 
for  improving  steel  ingots  bv  removing  the  “pipe”  caused  in  the 
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upper  portion  owing  to  shrinkage  during  cooling.  The  crust  of 
solid  iron  or  steel  above  the  “pipe”  is  burnt  through  in  less  than  a 
minute,  and  the  ingot  filled  with  hot  metal  of  the  same  quality. 

It  has  also  been  successfully  employed  in  removing  dead¬ 
heads  or  runners  on  large  steel  castings.  This  is  of  special  value 
in  cases  where  the  hardness  of  the  casting  is  such  as  to  resist  the 
action  of  the  cutting  tool  at  the  place  where  the  dead-head  or 
runner  is  joined  to  the  casting. 

In  rolling  mills,  where  interruptions  of  work  are  very  costly, 
the  process  can  be  advantageously  employed  in  melting  through 
and  quickly  removing  any  broken  shaft  from  couplings,  flywheels, 
etc.,  instead  of  causing  long  delay  and  expense  in  doing  this  work 
by  means  of  saws  and  chisels. 

An  armor  plate  9  in.  thick  was  pierced  in  30  seconds,  while 
it  would  take  3  hours  if  drilled  in  the  ordinary  way.  When  cut¬ 
ting  cold  cast  iron  or  steel  castings  it  is  more  difficult  and  requires 
more  time  and  experienced  handling.  With  the  aid  of  a  white  hot 
steel  bar  to  produce  the  heat  to  bring  the  metal  in  a  molten  condi¬ 
tion  it  can  be  done  quite  readily. 

In  comparing  this  process  with  the  electric  arc,  which  is  used 
occasionally  to  open  a  frozen  tap  hole,  I  wish  to  say  that  it  has 
many  advantages  over  the  arc.  The  most  important  feature  is  the 
saving  of  time,  which  is  a  vital  one.  It  has  been  proved  beyond 
doubt  that  where  it  takes  the  electric  arc  an  hour  or  more  to  do 
the  work,  the  same  results  are  accomplished  by  the  oxygen  process 
in  a  few  seconds  or  minutes.  With  the  use  of  the  electric  arc  a 
larger  hole  must  be  melted  in  order  to  insert  the  carbon  into  the 
tapping  hole,  and  leave  due  clearance  around  it  so  as  to  obtain  an 
arc  at  the  point  of  carbon  only.  The  direction  of  the  arc  cannot 
be  controlled  at  will,  as  the  arc  takes  the  path  of  least  resistance, 
and  it  is  almost  impossible  to  melt  in  a  downward  direction,  while 
with  the  oxygen  process  a  vertical  hole  can  be  melted  if  desired. 

Furthermore,  the  electric  arc  does  not  remove  the  molten 
metal,  thus  requiring  frequent  interruptions  in  order  to  remove 
it,  while  a  deep  hole  can  readily  be  melted  with  this  process  with¬ 
out  any  interruptions  at  all.  It  is  also  to  be  remembered  that  the 
process  does  not  affect  copper,  and  a  tuyere  can  be  opened  and 
burned  clear  with  the  utmost  dispatch,  while  with  the  electric  arc 
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great  difficulty  is  experienced  in  keeping  the  copper  from  being 
melted. 

Finally,  it  may  also  be  permissible  to  take  the  cost  of  the 
operation  of  the  oxygen  process  into  consideration.  The  principal 
expense  is  that  for  the  oxygen  gas,  which  at  present  costs  about 
l^c  to  2c  per  cu.  ft.  For  opening  a  blocked  tap  hole  or  tuyere, 
as  a  rule,  not  more  than  40  or  50  cu.  ft.  of  oxygen  are  required ;  in 
some  cases,  however,  from  50  to  80  cu.  ft.  are  necessary,  or  even 
more,  depending  on  conditions. 

This  process  is  used  all  over  Europe  in  iron  and  steel  works, 
and  there  are  quite  a  number  of  plants  using  it  in  this  country.  It 
has  been  found  very  satisfactory  owing  to  its  simplicity  and  com¬ 
parative  low  cost. 

Mr.  C.  K.  Bryce  :  In  Mr.  Kindi’s  discussion  he  assumes 
that  the  iron  has  changed  completely  from  the  metallic  state  to 
Fe3  04.  This  would  be  a  rational  assumption,  but  investigations 
along  this  line  in  both  this  country  and  abroad  have  proved  that 
the  iron  in  the  slag  is  present  in  several  different  states. 

The  presence  of  metallic  iron  has  been  shown,  and  also  indi¬ 
cations  of  all  the  various  oxides  Fe  O,  Fe2  03,  Fe3  04.  This  has  led 
the  investigators  to  believe  that  the  cutting  reaction  follows  ap¬ 
proximately  the  crystalline  surfaces  of  the  metal  structure  and 
that  these  crystals  are  practically  removed  in  an  enveloping  coat¬ 
ing  of  slag. 

This  is  a  very  interesting  field  of  research  and  will  be,  no 
doubt,  investigated  further. 

Mr.  C.  S.  Koch  :*  I  have  seen  it  stated  that  they  use  hydro¬ 
gen  because  it  cuts  faster  than  acetylene.  If  this  is  so,  why  would 
it  not  be  well  for  the  steel  foundries  to  use  it  in  place  of  acetylene ; 
or  is  the  cost  of  hydrogen  prohibitive?  Evidently,  all  things  con¬ 
sidered,  hydrogen  for  armor  plate  is  preferable. 

A  Member:  I  know  it  has  been  tried  in  connection  with 
armor  plate  and  they  decided  to  use  hydrogen  instead  of  acetylene. 
I  believe  it  was  on  account  of  being  able  to  make  deeper  cuts. 

__  _  _  ‘President  and  General  Manager.  Fort  Pitt  Steel  Casting  Company, 
McKeesport,  Pa. 
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Mr.  H.  C.  Allen  :*  I  would  like  to  answer  the  question, 
Why  hydrogen  has  not  been  used  on  light  cutting  as  well  as 
heavy  ? 

The  ordinary  commercial  hydrogen  originally  on  the  market 
was  in  itself  an  explosive  which  necessitated  the  use  of  the  flash¬ 
back  system,  which  was  cumbersome  and  did  not  compare  with 
the  up-to-date  acetylene  equipment. 

Since  the  first  of  the  year  there  has  been  put  on  the  market 
a  carburetted  hydrogen  gas  which,  while  being  a  combustible,  is 
in  no  sense  explosive.  This  gas  needs  no  flash-back  system  and 
cuts  any  thickness  of  metal  from  the  very  lightest  sheet  to  the 
very  heaviest  armor  plate,  leaving  smooth,  clean,  soft  cuts. 

This  system  has  met  with  instant  favor  in  many  of  the 
largest  iron  and  steel  mills,  boiler  shops,  scrap  yards  and  steel 
foundries/  It  has  also  met  with  great  favor  on  account  of  its 
convenience  and  safety.  One  of  the  very  important  items  to  be 
considered  where  this  gas  is  used  is  in  the  health  of  the  operator. 

The  apparatus  designed  for  use  with  this  gas  is  simple  in 
design  and  at  the  same  time  very  efficient.  In  the  cutting  pipes, 
all  parts  are  readily  accessible,  so  that  the  operator  may  clean  and 
make  repairs  on  the  job  and,  on  account  of  the  cooling  nature  of 
the  gases,  repairs  are  a  matter  of  no  importance,  as  the  tips  do 
not  readily  burn  off  and  back-firing  is  caused  so  seldom  as  never 
to  be  an  annoyance. 

Mr.  F.  S.  Austin  :t  Answering  the  question  of  why  oxy- 
hydrogen  is  used  for  cutting  heavy  steel  sections :  The  larger 
and  longer  preheating  flame  of  hydrogen  penetrates  deeper  into 
the  metal  than  acetylene,  and  heats  a  larger  area  of  steel. 

Acetylene  has  been  used  for  cutting  12  inch  thickness  of 
metal,  but  from  6  inches  up  the  oxy-hydrogen  is  more  economical. 
In  cutting  heavy  sections  of  steel  with  the  oxy-hydrogen  torch,  the 
preheating  flame  immediately  ahead  of  the  oxygen  cutting  jet  is  a 
mixture  of  oxygen  and  hydrogen,  and  the  jet  back  of  cutting  jet 
is  pure  hydrogen,  which  tends  to  free  the  kerf  of  slag. 

The  oxy-acetylene  process  has  been  applied  in  hundreds  of 
metal-working  industries,  but  the  hand-operated  torches  have 

^Manager,  Carbo-Hydrogen  Company  of  America.  Pittsburgh. 

fLocal  Manager,  Davis-Bournonville  Company,  Pittsburgh. 
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their  limits,  as  the  human  element  is  a  large  factor  when  smooth¬ 
ness  of  cut  and  weld  are  required.  This  is  especially  noticeable  in 
the  cutting  process,  as  one  operator  may  make  a  very  smooth  cut 
through  thick  metal,  while  another  will  make  a  very  rough  cut 
through  comparatively  thin  plate,  and  where  the  work  has  to  he 
machined  it  has  a  tendency  to  break  the  tools. 

There  has  been  developed  a  large  number  of  mechanically 
operated  machines  for  cutting  steel  and  wrought  iron,  and  a 
welding  machine  which  was  especially  designed  for  welding 
barrels. 

The  speed  of  welding  is  governed  by  thickness  of  material 
and  the  cost  is  one-half  less  than  when  done  by  hand.  This  ma¬ 
chine  is  particularly  adapted  to  cylindrical  or  barrel  welding. 

Before  closing  I  will  mention  the  fact  that  where  machine 
cutting  has  been  done  the  kerf  was  narrow  and  smooth. 


APPROXIMATE  COST  OF  MACHINE  CUTTING 


Cutting 

Tip  No. 

Thickness 
steel  Ins. 

Cu.  ft.  Oxy. 
per  ft.  cut 

Cu.  ft.Acet. 
per  ft.  cut 

In.  Cut 
per  min. 

Cost  of  gas 
per  ft .  of  cut 

2 

H 

0.67 

0.07s 

18 

0.0142 

2 

y2 

1.20 

0.088 

16 

0 . 0268 

2 

i 

2.64 

0.140 

10 

0.0542 

2 

iy2 

3.63 

0.175 

8 

0.0744 

3 

2 

4.25 

0.305 

i 

0.0881 

3 

3 

6.67 

0.40s 

6 

0.1375 

4 

3 

6.00 

0.559 

8 

0.1256 

4 

4 

8.62 

0 .  OSS 

6  y2 

0.1793 

4 

5 

11.34 

0.746 

6 

0.2343 

4 

6 

16.00 

0.895 

5 

0.3290 

4 

7 

17.60 

0.895 

5 

0.3610 

4 

8 

24 . 00 

1.119 

4 

0.4912 

4 

9 

26.00 

1.114 

4 

0.5312 

Mr.  C.  K.  Bryce:  There  is  no  reason  why  acetylene  cannot 
be  used  in  armor  plate  cutting.  This  method  has  not  been  pushed 
in  this  country  because  the  armor  plate  people  have  not  shown 
any  willingness  to  take  it  up. 

There  have  been  experiments  conducted  with  an  oxy- 
acetylene  cutting  blowpipe,  in  which  20  in.  cutting  has  been  sue- 
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cessfully  accomplished ;  16  in.  to  18  in.  mild  steel  billets  have 
been  cut  oft*  very  easily. 

This  blowpipe  is  just  in  the  primary  stage  of  its  develop¬ 
ment  and,  no  doubt,  improvements  will  be  made  which  will  in¬ 
crease  its  efficiency. 

I  do  not  know  how  it  compares  with  the  figures  given  by 
Mr.  Mitchell.  In  fact,  we  have  not  cut  enough  with  this  blow¬ 
pipe  to  establish  any  figures,  but  we  do  know  its  penetrating 
oower. 


HIGHWAY  BRIDGE  FLOORS 


By  Charles  M.  Spofford* 

The  design  of  highway  bridges  is  more  complicated  than 
that  of  ordinary  railroad  bridges,  partly  because  of  the  complica¬ 
tions  introduced  by  the  paved  floor  and  the  provision  necessary 
for  supporting  it  and  providing  for  its  proper  drainage,  partly 
because  of  the  varied  character  of  the  applied  loads,  and  partly 
because  of  the  difficulty  in  determining  the  width  necessary  to 
furnish  reasonable  accommodation  for  present  and  future  traffic. 

It  is  with  the  belief  that  the  presentation  of  data  and  discus¬ 
sion  bearing  upon  these  various  matters  will  be  of  value  to  the 
engineering  profession  that  this  paper  has  been  prepared.  For 
convenience  in  presentation,  the  subject  will  be  treated  under  the 
five  following  main  headings,  each  of  which  will  be  sub-divided : 

1.  Applied  Loads. 

2.  Width  of  Roadway. 

3.  Wearing  Surfaces. 

4.  Supports  for  Wearing  Surfaces. 

5.  Distribution  of  Loads,  Computations  and  Unit  Stresses. 

These  different  subjects  will  now  be  discussed  in  detail. 

APPLIED  LOADS 

This  subject  may  be  treated  under  the  following  sub¬ 
divisions  : 

(a)  Automobiles. 

(b)  Horse-drawn  vehicles. 

(c)  Electric  cars. 

(d)  Road  rollers. 

(e)  Crowds  of  people. 

(f)  Miscellaneous  loads,  such  as  trains,  water  pipes,  cables, 

snow,  etc. 

•Hayward  Professor  of  Civil  Engineering,  Massachusetts  Institute  of 
Technology;  also  of  Fay,  Spofford  &  Thorndike,  Consulting  Engineers, 

Boston. 
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(g)  Uniform  load  and  combinations  of  various  live  loads. 

(h)  Impact. 

(i)  Dead  weight. 

(j)  Legal  requirements. 

AUTOMOBILES 

Table  1,  which  follows,  has  been  prepared  from  data  fur¬ 
nished  by  the  various  motor  truck  manufacturers,  and  includes 
only  the  heaviest  cars  made  by  them. 

It  will  be  noticed  that  only  one  truck  amongst  those  listed 
has  a  rated  capacity  greater  than  six  tons,  and  that  this  truck  is 
no  longer  manufactured  by  the  company  formerly  making  it.  The 
total  weight  of  the  next  heaviest  truck  shown,  when  fully  loaded, 
is  less  than  twelve  tons,  and  the  maximum  average  weight  per 
square  foot  of  any  except  the  heaviest  truck  is  190  lbs. 

Motor  tractors  to  haul  heavy  loads  are  now  being  manufac¬ 
tured  ;  of  these  the  tractor  given  in  Table  1  is  a  good  example. 
This  vehicle  has  a  gross  load  of  19  700  lbs.  on  the  rear  axle,  but 
a  very  small  load  on  the  front  axle. 

The  “Specifications  for  Highway  Bridges  Carrying  Electric 
Cars,”  issued  by  the  Massachusetts  Public  Service  Commission  in 
1915,  contains  the  following  clause : 

All  parts  of  the  floor  of  a  highway  bridge  shall  be  proportioned 
to  carry  a  20-ton  auto  truck  having  6  tons  on  one  axle  and  14  tons  on 
the  other  axle,  the  axles  being  12  ft.  apart  and  the  distance  between 
wheels  6  ft.  This  truck  is  assumed  to  occupy  a  floor  space  32  ft.  in 
length  and  10  ft.  in  breadth,  overhanging  all  wheels  an  equal  amount. 

A  truck  such  as  that  specified  above  has  a  considerably 
greater  rear  axle  load  than  the  total  weight  when  fully  loaded  of 
any  motor  vehicle  now  made  concerning  which  the  writer  has 
been  able  to  secure  definite  information;  its  average  weight  per 
foot,  however,  is  less  than  the  heaviest  truck  given  in  Table  1. 
It  is  to  be  used  with  an  allowance  of  50  percent  for  impact  in  the 
design  of  steel  floor  members,  but  with  no  impact  allowance  for 
timber.  In  view  of  the  apparent  tendency  of  truck  makers  to 
abandon  the  manufacture  of  very  heavy  trucks,  this  truck  seems 


SPOFFOKP - HIGHWAY  BRIDGE  FLOORS 


729 


o 

Z 

sa 

z 

23 

< 

h 


c 

H 

Q 

25 

O 

H 

O 

<! 

25 

H 

Q 

Z 

<J 

Z 

O 

D 

25 

H 

25 

O 

H 

O 

S 


■c 

9 

d^> 

o 

z 

00 

03 

42  * 

O.  « 

8  S 

X  —> 

W  Z 

oo  . 

u  M 

0)  o 

£ 

*  s 

S  £ 

*  O 
-Q  Z 

T3 

9 


a 

i- 

3 


H 

X 

o 


J 

*< 

H 

O 

H 


i* 

H 
>— < 

O 

*« 

2- 

O 


00 

00 

c 

a 

U 

Ut 

o 

a 

a 

— 

a 

£ 


73 

W 

25 


73 

z 

o 

HH 

03 

z 

w 

S 


S9|X  Y 
M?og 

OB 

~7 

C 

3 

*o 

•o 

*o 

O  X 

•o  S 

X  X 

55 

0  X 

s 

°0 

£ 

CO 

ot» 

xro 

3IXY 

JB9H 

°0 


•f 

3 

o 

CU 


3lxY 

luojj 

gp 


* 

0 

0 — 

.  O 

:  SS 

5  S3 

X 

— 

.  04 

3 

a 

ro 

•N  X 

.  *0 

x  »o 

d-d 

0 

pH 

*0 

O  if 

.  0 

.  X  CO 

•*  N 

f-d 

1«»°X 


go 

"3 

3 

o 

Cm 


alxV 

JB9H 

nO 


3 

O 

Cm 


8IXY 

inojj 

nO 


00 

13 

3 

3 

O 

Cm 


8IXY 

JB9H 

nO 


00 

~q 

3 

o 

Cm 


alxY 

^UOJj 

°o 


•a 

a 

3 

o 

Cm 


co 

o 

-3 

CO 


lUOJ^ 


J= 

CO 

a 


i  *0 

i  *o 


<N  CN 


o  >-  *o 

5  x  *o 

-f  x  o  — 

XOT  'N  CN 


tC) 

N 


*0  CN 

r-  ~  ~ 


—  n« 


:S 

.  oj 


o 

*0 


O  1*  o 

tM  0C  CO 


8  00 

O  If 

c*r  ox 

—  o  o 


.  N-  Cd  O 

.  X  — 1  X 


a 

a 

O 

O  O 
*0  0 

O  • 

Q  • 

§ 

0  0 

O  CO 

0 

04 

*0  O 

0  • 

X 

0  ^ 

Ph 

^H  f-H 

•«f  • 

Ol 

*-H  c^4 

•  X  X  o 

•  -M  X  N 

■  X  X  X 


X 

X 


OX  OO  O  OO  0-1 

oo  oo  o  0*0  or- 

Mf  f3  OX  if  0*0  OX 

ffiN  X-1  t—  MX  if -1 


JB8H 

spaqAV 

o  <n  o 


?UOJJ 

sl33tlA\. 

•o  <n  o 


2* 


B9jxy 
0  <n  o 


IJBJ3A0 

qipiAi 


[|BJ9AO 


a 

HH 

42 

fa 


X^IOBdBQ 

P»1«H 


03 

a 

o 

H 


N 

X 


2 

5 

*o 


0 

0 

0 

*0 

*o 

*o 

to 

X 

00 

0 

0 

.  . 

, 

O  O 

•  *o 

O 

0 

*o 

00 

C5 

•  * 

# 

C  10 

0*  — ' 

•  co 

•  *0 

O 

r- 

3 

If  X 

•  • 

* 

Tf 

•  CO 

O 

0 

.  . 

0  0 

•  CO 

0 

0 

~ 

0 

•  • 

• 

c  0 

•0 

CO 

»o 

cc 

•  • 

• 

X  Mf 

•  X 

r- 

N 

If 

Tf  X 

•  • 

rr 

•  0 

X 

X 

_ _  ___ 

.  — 

SO  .  — * 

CO  —  CO  . 

5!  — 

_M  O 

a  v  ^ 

n  3 

X  •  § 

x  •  2 

X 

5  X  • 

:x  3 

X 

§x 

2  X 

nono  >0  -C°C2  • 

3x 

O 

0  . 

*0  . 

10 

*0  . 

.  co 

0 

X 

X  • 

X  • 

X 

X  • 

•X 

X 

X 

X 

00 

x  ; 

0  ! 

-f 

co  ; 

:  1 

X 

co 

CO 

CO 

X 

X 

X 

X 

X 

X 

X 

r*H 

0 

•HI 

CO 

X  h* 

*0  0 

5-1 

05  -1 

co  d-. 

1 

r» 

1 

\ 

0 

1  1 

O  iO 

1  1 

0  *o 

X  CO 

CO  CO 

CO 

X-H 

-dC* 

4-8 

5-10 

1  1 
*o  X 

5-4 

5-9 

5-1 

5-9 

5-8 

X  -f 

CO  *o 

X 

*0 

01 

*o 

•H* 

CO 

co  0 

ION 

— 

0  0 

O  O 

X 

1 

M 

l  1 

OJ  X 

1  1 

C^l  d-d 

1 

if 

1  t 

Mf  X 

d-d  O 

1 

C^4 

1 

0 

1 

0 

r-H 

i-d  »-H 

f-H 

H 

-dr* 

-Hr* 

IMM> 

-dr* 

0 

•  if 

04  0 

9 

OO 

?T 

O 

| 

| 

X 

CO 

X  I- 

t- 

CO 

.  . 

or- 

X 

0  • 

0  0 

■dd 

d^ 

Hd 

. 

•  • 

• 

*-H 

1 

10 

.  . 

1  1 

X 

1 

H 

0  • 

XX 

X 

X 

dd  r—i 

M 

C*l 

—  05 

■ 

*o  CO  *o  *0*0  *o  *0*0  O  CD  CO  CO 


23 

z 

MM 

x5 


M 


0  + 

3  6 

jj  a 
13  o 

la  la 
o  a> 


3  <3 

u  u 

o  o 

M  ■— 

o  o 


3 

z 


T  3 
Z'-a 

3s 

ZOm 


a>  u 
*■*  OJ 

la  c 
.  o 


00 

L 

0) 

a 

o 

o 


35  C3  <3 

oca  /^v 

fc.2.2  55 

<2  d*° 

o  c  a  «  • 

u  <D  ^  ^ 

£  “  °  a 


JH  o 


3 

3 

Cm 


■a  H 


X 

o 

a 

Z 


d 

o 


3 

JJi 

r. 


>> 

S3 

13 

3 

cC 

*  *M 

Im 

3 

> 


3 

CS 

.  a 

3  d 

a  CM 
■s  . 

K  Mm 

Ooi 

+- 

d 


c 
6 
O^d 
C  q 

a. 

w  ^ 

©z 

Mm 

o 

3 


"3  fl 
«  d 


1* 

lj 

#*J 


®  -M 

3^. 


X  2 

MM  — 

j3  os 

.Sf^ 


730  PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA. 

to  be  unnecessarily  conservative  for  the  general  run  of  country 
bridges.* 

The  uniform  loads  due  to  motor  trucks  are  somewhat  greater 
than  the  uniform  loads  usually  specified  for  highway  bridge 
trusses,  but  even  were  such  trucks  in  common  use  no  excess  allow¬ 
ance  over  the  ordinarily  specified  uniform  load  need  be  made  for 
trusses  or  girders,  except  in  the  case  of  very  short  spans,  as  the 
probability  of  such  a  truck  being  on  any  bridge  simultaneously 
with  full  uniform  loading  from  other  vehicles  is  practically  nil. 

As  indicated  by  the  following  discussion  of  horse-drawn 
vehicles,  it  would  appear  that  motor  trucks  are  not  used  to  handle 
the  extremely  heavy  loads  which  occasionally  cross  city  bridges. 

HORSE-DRAWN  VEHICLES 

In  all  large  cities  exceptionally  heavy  loads  are  occasionally 
hauled  through  the  streets.  Amongst  the  heaviest  of  such  loads 
are  machinery,  parts  of  safe  deposit  vaults,  steel  girders,  truss 
members,  blocks  of  granite  or  other  stone  and  heavy  merchandise. 

The  examples  which  follow  of  unusually  heavy  loads  moved 
in  Boston  or  vicinity  are  of  cases  concerning  which  definite  infor¬ 
mation  has  been  secured  by  the  writer. 

Coast  Defence  Gun:  A  gun  weighing  between  56  and  60  tons 
was  taken  from  the  Boston  and  Albany  Railroad  terminal  in  East 
Boston  to  Fort  Heath  at  Winthrop,  crossing  en  route  the  Ben¬ 
nington  Street  Bridge.  This  gun  was  hauled  over  the  streets  by 
the  Brine  Transportation  Company  on  trucks  drawn  by  thirty-two 
horses,  hitched  four  abreast. 

Figures  1  to  4  illustrate  the  truck  and  method  of  support  of 
the  gun,  the  wheel  loads  being  given  in  Fig.  4.  In  order  that  the 
gun  might  be  safely  carried  across  the  bridge,  it  was  removed 
from  the  trucks  and  taken  across  on  rollers,  the  load  being  dis¬ 
tributed  to  the  bridge  floor  by  stringers  and  cross  beams.  In 

♦The  following  quotation  is  from  a  letter  by  John  Younger,  Chief 
Engineer,  Truck  Department  of  the  Pierce-Arrow  Motor  Car  Company,  and 
is  published  with  his  permission: 

“We  have  given  you  particulars  of  our  own  trucks  in  the  first  place, 
and  w'e  point  out  that  there  are  some  trucks  on  the  market  which  have  a 
capacity  up  to  10  tons.  There  is,  however,  a  falling  off  in  the  demand  for 
these  trucks,  as  5  to  6,  or  at  most  7,  tons  are  the  maximum  that  are 
called  for.” 
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Fig.  1.  Diagram  of  Coast  Defence  Gun. 


Fig.  2.  Coast  Defence  Gun.  Hauled  by  the  R.  S.  Brine  Transporta¬ 
tion  Co.,  Boston,  Mass. 
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hauling  the  gun  over  the  streets,  trouble  resulted  at  points  from 
the  wheels  breaking  through  the  macadam  street  surfacing.  To 
prevent  this,  the  load  was  distributed  more  evenly  by  15  in.  chan¬ 
nel  tracks,  as  shown  by  the  illustrations.  These  channels,  which 
were  originally  straight,  were  badly  curved  by  the  load  passing 
over  them. 

Shield  for  Subway  Construction:  A  section  of  a  shield  for 
use  in  the  building  of  the  Cambridge  subway  was  moved  from 
South  Boston  to  Cambridge,  crossing  several  bridges.  The  total 
weight  transported  was  28  tons,  of  which  5  tons  was  that  of  the 
truck.  The  wheel  base  was  6  ft.  8  in.  by  12  ft.,  center  to  center, 
and  the  load  was  divided  almost  equally  amongst  the  four  wheels, 
giving  a  wheel  load  of  about  7  tons.  This  truck  crossed  the 
Northern  Avenue  drawbridge,  of  which  a  cross-section  is  shown 
in  Plate  2,  without  marring  the  sheathing. 

Engine:  An  engine  weighing  47  tons  was  trucked  through 
the  streets  of  Cambridge  in  1907  on  a  truck  weighing  12 tons 
with  two  axles  22.2  ft.  between  centers.  The  weight  was  centered 
at  a  point  4  ft.  from  one  axle,  this  axle  sustaining  a  load  of  49 
tons  and  was  carried  by  two  wheels  9.7  ft.  center  to  center,  and 
having  12  in.  tires.* 

Load  of  Stone:  In  1904  a  load  of  stone  weighing  18  tons, 
supported  on  a  caravan  weighing  about  7  tons,  giving  a  gross 
weight  of  25  tons  supported  largely  on  the  rear  axle,  was  noted 
by  City  of  Boston  officials  as  crossing  one  of  the  city  bridges. 

House:  An  inquiry  was  made  at  one  time  at  the  City  Engi¬ 
neer’s  office  in  Boston  concerning  the  safety  of  one  of  the  city 
bridges  to  carry  a  three-story  house  weighing  160  tons,  and  occu¬ 
pying  a  floor  space  of  26  ft.  by  48  ft.,  equivalent  to  about  250  lbs. 
per  square  foot. 

Loads  of  Common  Occurrence :  Street  car  rails  weighing 
with  truck  13  tons,  six-horse  truck  loads  of  groceries  commonly 
weighing  12  tons  without  truck,  but  capable  of  being  loaded  up 
to  a  total  load,  including  truck,  of  16  tons;  loads  of  sugar  from 
refineries  weighing  8p>  tons  without  truck,  loads  of  coal  weigh¬ 
ing  with  truck  8  tons. 

The  following  statements  concerning  truck  loads  appear  in  a 
paper  entitled  “Specifications  for  the  Design  of  Bridges  and  Sub- 
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Plate  No.  1 — Cross  Sections  of  Various  Highway  Bridges  in  Boston,  Mass 


Plate  / 
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Fig.  3.  Coast  Defence  Gun.  Hauled  by  the  R.  S.  Brine  1  ransporta- 

tion  Co..  Boston,  Mass. 


Fig.  4.  Coast  Defence  Gun.  Hauled  by  the  R.  S.  Brine  4  ransporta- 

tion  Co..  Boston,  Mass. 


734  PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA. 


ways/’  by  Henry  B.  Seaman,  published  in  the  Transactions  of 
the  American  Society  of  Civil  Engineers,  Vol.  LXXV,  page  313. 

C  ables:  Cables  weighing  84  tons  are  carried  equally  dis¬ 
tributed  on  four  wheels,  the  axles  12  ft.  from  center  to  center, 
with  wheel  gage  of  8  ft.  The  weight  of  the  truck  will  add  6  tons, 
and  16  horses,  at  1500  lbs.  each,  will  weigh  12  tons  more.  The 
length  of  the  truck  is  16  ft.  and  that  of  eight  teams  of  horses 
will  be  96  ft.,  making  a  total  of  112  ft. 

Girders:  Girders  weighing  65  tons  are  carried  mainly  on 
two  rear  wheels  of  a  long  truck.  The  weight  of  the  truck  will 
add  2  tons  for  each  pair  of  wheels ;  the  gage  is  8  ft.  The  length 
of  the  truck  is  40  ft.  and  that  of  five  teams  of  horses  is  60  ft., 
making  a  total  of  100  ft. 

Standard  Trucks:  Trucks  for  general  use  carry  a  load  of 
5  tons,  weigh  2J/2  tons,  and  are  hauled  by  two  horses  weighing 
ll/2  tons  more.  The  length  of  the  truck  and  pole  is  24  ft.,  and  the 
weight  averages  750  lbs.  per  linear  foot. 

Table  2  contains  data  upon  horse-drawn  trucks  and  is  self- 
explanatory,  as  are  also  Figures  5,  6  and  7. 

LOADS  SPECIFIED  IN  VARIOUS  CITIES 
To  cover  either  horse-drawn  or  automobile  trucks. 

Boston:  Bridges  not  carrying  electric  railways.  A  20-ton 
truck  on  a  wheel  base  6  ft.  by  12  ft.,  occupying  a  space  10  ft.  by 
20  ft.,  with  load  uniformly  distributed  over  wheels. 

Boston:  Bridges  carrying  electric  railways.  Motor  truck 
specified  by  the  Massachusetts  Public  Service  Commission.  (See 
page  728.) 

New  York:  A  30-ton  truck  on  a  wheel  base  8  ft.  by  12  ft., 
occupying  a  space  12  ft.  by  30  ft.,  with  loads  uniformly  distrib¬ 
uted.  No  allowance  for  impact. 

Philadelphia:  Twenty  tons  on  one  axle  with  wheels  5  ft. 
apart  on  any  part  of  bridge,  this  corresponding  to  a  40-ton  truck, 
with  axles  so  far  apart  that  the  axle  load  covers  all  require¬ 
ments  of  the  specifications. 

Pittsburgh:  For  North  Side  Point  Bridge. — A  20-ton 
truck  on  a  wheel  base  5  ft.  gage  by  10  ft.  on  centers,  occupying 
a  floor  space  9  ft.  by  18  ft. 


TABLE  No.  2. 

HOUSE  DRAWN  VEHICLE  DATA. 
Furnished  by  various  Truck  Companies  and  Merchants. 
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Fig.  5.  Part  of  Turbine.  Hauled  by  the  R.  S.  Brine  Transportation 

Co.,  Boston,  Mass. 


Fig.  6.  Old  Colony  Trust  Co.’s  Vault  Door.  Hauled  by  the  R.  S 
Brine  Transportation  Co.,  Boston,  Mass. 
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Fig.  7.  Union  Safe  Deposit  Co.’s  Vault.  Hauled  by  the  R.  S.  Brine 

Transportation  Co.,  Boston,  Mass. 

Pittsburgh:  For  Bloomfield  Bridge  and  Sylvan  Ave.  Bridge 
over  P.  J.  R.  R.  and  Forward  Avenue. — A  15-ton  truck  having 
5  tons  on  front  axle  and  10  tons  on  rear  axle  on  a  wheel  base  5  ft. 
gage  by  12  ft.  on  centers,  occupying  a  floor  space  of  8  ft.  by  20  ft. 


ELECTRIC  SURFACE  CARS 

Table  3  has  been  compiled  from  data  furnished  by  various 
railroads  and  from  other  authentic  sources.  It  shows  that  surface 
passenger  cars  weighing  nearly  50  tons  are  in  regular  use  in 
Boston  and  elsewhere,  and  that  still  heavier  cars  are  used  for 
special  purposes. 

The  specifications  which  follow  indicate  the  electric  carloads 
specified  in  Massachusetts  and  in  various  cities  of  other  states. 

From  Massachusetts  Public  Service  Commission  Specifica¬ 
tions  : 

For  bridges  intended  for  passenger  cars: 

The  floor  system  and  the  trusses  or  girders  shall  be  proportioned 
to  carry  on  each  track  a  train  of  two  double-truck  cars  coupled  to¬ 
gether.  Each  car  shall  be  assumed  to  weigh,  when  loaded,  50  tons, 
and  to  have  a  total  wheel  base  of  25  ft.,  and  a  wheel  base  for  each 
truck  of  5  ft.  The  length  of  each  car  shall  be  taken  as  40  ft. 
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For  bridges  over  which  it  is  intended  to  operate  standard  steam  road 
freight  cars  or  express  or  other  cars  weighing  more  than  50  tons  when 
loaded: 

The  floor  system  and  the  trusses  or  girders  shall  be  proportioned 
to  carry  on  each  track  a  train  of  two  double-truck  cars  coupled  to¬ 
gether,  each  car  weighing,  when  loaded.  75  tons,  the  other  dimensions 
being  the  same  as  for  the  passenger  car  above  described. 

From  Specifications  for  Certain  Pittsburgh  Bridges: 

North  Side  Point  Bridge  (1911):  On  each  car  track  a  continuous 
line  of  fifty-two  (52)  ton  double-truck  cars  forty-five  (45)  ft.  long, 
having  wheels  in  trucks  five  (5)  ft.  center  to  center,  trucks  of  cars 
spaced  twenty-five  (25)  ft.  center  to  center  and  trucks  of  adjoining 
cars  spaced  twenty  (20)  ft.  center  to  center,  with  two  tracks  occu¬ 
pying  eighteen  (18)  ft.  width  of  roadway. 

Bloomfield  Bridge  (1913)  and  Sylvan  Avenue  Bridge  over  P.  J.  R.  R. 
and  Forward  Avenue  (1914):  On  each  of  the  two  car  tracks  a  continuous 
line  of  35-ton,  double-truck  cars  42  ft.  long,  having  wheels  in  trucks 
spaced  5  ft.  IV2  in.  center  to  center;  trucks  in  car  spaced  26  ft.  6  in. 
center  to  center,  and  trucks  of  adjoining  cars  spaced  20  ft.  7*4  in. 
center  to  center;  the  two  tracks  occupying  18  ft.  width  of  roadway. 

From  Philadelphia  Bridge  Specifications  (1913)  : 

Bridges  shall  be  proportioned  to  carry  a  concentrated  load  of  40 
tons  on  two  trucks,  20  ft.  center  to  center,  with  axle  5  ft.  center  to 
center,  on  each  street  railway  track. 

ROAD  ROLLERS 

The  data  given  in  lable  4  was  obtained  from  the  manufac¬ 
turers,  and  gives  the  weight  of  road  rollers.  The  20-ton  rollci 
made  by  the  Buffalo  Steam  Roller  Company  is  said  by  the  makers 
to  be  the  heaviest  manufactured. 

WEIGHT  OF  PEOPLE 

Experiments  show  that  the  weight  of  a  crowd  of  people 
when  carefully  selected  may  reach  the  high  figure  of  181.3  lbs. 
per  sq.  ft.*  The  writer  once  obtained  a  weight  of  142.5  lbs.  per 

♦See  account  of  experiments  by  Professor  Lewis  J  Johnson,  in  Jour¬ 
nal  of  Association  of  Engineering  Societies,”  January,  190j. 
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sq.  ft.  in  his  office  by  filling  it  with  students  selected  at  random. 
It  is  doubtful  whether  weights  like  this  would  ever  occur  in  a 
mixed  crowd  consisting  of  people  of  both  sexes  and  of  varied 
heights.  That  extreme  crowds  may  frequently  occur  on  bridges 
is  shown  by  experience,  and  that  such  loads  may,  over  a  portion 
of  the  bridge  at  least,  amount  to  100  lbs.  per  sq.  ft.  is  readily 
believable.  I  bis  is  particularly  true  for  bridges  so  located  that 
large  crowds  may  be  attracted  by  reason  of  possible  accidents  on 
nearby  railway  tracks  or  structures,  by  boat  races  underneath,  by 
wrecks  such  as  the  recent  overturning  of  a  passenger  steamer  in 
Chicago  on  the  river  immediately  adjoining  a  bridge,  or  by  panic 
conditions  occurring  on  the  bridge  itself. 

MISCELLANEOUS  LOADS 

Amongst  the  miscellaneous  loads  which  may  be  applied  to 
bridge  floors  are  electric  trains,  cable  conduits,  water  and  gas 
mains  and  similar  structures.  The  weight  of  most  of  these  may  be 
readily  determined  for  specific  cases  and  general  values  cannot  be 
given.  The  dimensions  and  wheel  loads  of  electric  trains  used  in 
various  cities  are  given  in  Table  5.  Some  allowance  should  be 
made  for  snow  load  in  the  case  of  a  highway  swing  bridge  when 
in  an  open  position,  although  it  need  not  be  considered  in  deter¬ 
mining  the  stress  with  bridge  in  closed  position,  as  the  presence 
of  snow  on  the  floor  would  prevent  the  application  of  the  full  live 
load.  The  proper  weight  to  be  allowed  for  snow  depends  greatly 
upon  the  part  of  the  country  in  which  the  bridge  is  located.  It 
has  been  the  writer’s  custom  in  designing  swing  bridges  in  Boston 
to  allow  10  lbs.  per  sq.  ft.  for  such  snow  and  ice  as  may  be  packed 
upon  the  floor,  although  this  value  is  not  based  upon  actual  ex¬ 
periments  and  is  merely  a  guess.  The  snow  load  is,  of  course,  not 
a  factor  in  designing  the  floor,  but  is  included  for  completeness. 

The  weight  of  snow  given  by  different  authorities  is  as 
follows : 

Trautwine’s  Handbook:  Freshly  fallen,  5  to  12  lbs.  per  cu. 
ft.  Moistened  and  compacted  by  rain,  15  to  20  lbs.  per  cu.  ft. 

Civil  Engineering  Pocketbook :  Fresh,  8  lbs.  per  cu.  ft. 
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COMBINATION  OF  LIVE  LOADS 

The  question  of  what  loads  shall  he  combined  in  designing 
the  various  parts  of  the  door  system  is  one  that  requires  serious 
attention.  Practice  varies  in  this  respect,  as  indicated  by  ({nota¬ 
tions  from  various  specifications. 

Massachusetts  Public  Service  Commission  (1913): 

(a)  For  city  bridges,  subject  to  heavy  loads: 

For  the  floor  and  its  supports,  a  uniform  load  of  100  lbs.  per 
square  foot  of  surface  of  the  roadway  and  sidewalks,  or  the  auto  truck 
described  under  (d).  (See  page  728).  In  computing  the  floor  beams 
and  supports,  the  railway  loads  shall  be  assumed,  together  with  either 

(1)  this  uniform  load  extending  up  to  within  two  feet  of  the  rails,  or 

(2)  the  auto  truck  described  under  (d). 

(b)  For  suburban  or  town  bridges,  or  heavy  country  highway  bridges: 

For  the  floor  and  its  supports,  a  uniform  load  of  100  lbs.  per 
square  foot,  or  the  auto  truck  described  under  (d);  these  loads  to  be 
used  as  described  under  (a). 

( c)  For  light  country  highway  bridges: 

For  the  floor  and  its  supports,  a  uniform  load  of  80  lbs.  per  square 
foot,  or  the  auto  truck  described  under  (d);  this  load  to  be  used  as 
described  under  (a). 

Department  of  Public  Works,  Philadelphia  (1913): 

The  structure  shall  be  proportioned  to  carry  the  dead  load — con¬ 
sisting  of  the  weight  of  the  structural  material,  driveway  and  sidewalk 
formation,  rails,  curbs  and  railings — and  the  live  loading  as  follows: 

Roadway.  A  concentrated  moving  load  of: 

20  tons  on  one  axle  with  wheels  5  ft.  apart  on  any  part  of  the 
driveway;  or 

27  tons  on  two  axles  7  ft.  apart  on  each  street  railway;  or 

40  tons  on  two  trucks  20  ft.  center  to  center,  with  axles  5  ft.  center 
to  center,  on  each  street  railway  track. 

The  above  loads  on  street  railway  tracks  are  to  be  assumed  to 
cover  a  width  of  floor  of  11  ft.  for  each  track,  the  remainder  of  the 
width  of  floor  to  be  locally  loaded  with  100  lbs.  per  sq.  ft. 

For  wooden  bridges  or  the  wooden  part  of  temporary  floors,  a 
15-ton  road  roller  10  ft.  4  in.  between  axles,  with  12  000  lbs.  on  the  one 
front  wheel  48  in.  wide,  and  9000  lbs.  on  each  of  the  two  rear  wheels, 
5  ft.  6  in.  centers,  20  in.  wide. 

North  Side  Point  Bridge — Pittsburgh : 

Floor  System:  The  electric  cars  previously  described  and  on  each 
side  of  the  tracks  the  truck  load  previously  described,  together  with 
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a  uniform  load  of  100  lbs.  per  sq.  ft.  of  floor  on  all  sidewalk  and  road¬ 
way  surfaces  not  covered  by  cars  and  concentrated  loads. 

Bloomfield  Bridge  and  Sylvan  Avenue  Bridge: 

Floor  System:  The  electric  cars  previously  described  and  on  each 
side  of  the  tracks  the  truck  load  previously  described,  and  in  addi¬ 
tion  to  the  load  a  uniform  live  load  of  125  lbs.  per  sq.  ft.,  is  to  be 
placed  on  all  of  the  roadway  floor  not  occupied  by  the  street  cars  and 
trucks.  On  sidewalks  a  uniform  load  of  140  lbs.  per  sq.  ft.  and  a  con¬ 
centrated  load  of  1000  lbs.  at  any  point. 


IMPACT 

The  proper  allowance  to  be  made  for  impact  on  the  floors  of 
highway  bridges  is  something  upon  which  opinions  vary  greatly. 

In  Massachusetts  the  following  rules  are  specified  by  the 
Public  Service  Commission  for  loads  on  highway  bridges  carrying 


electric  railways : 

For  auto  truck  previously  described:  Percent 

For  stringers,  floor  beams,  hangers  and  truss  members  re¬ 
ceiving  their  whole  load  from  one  panel  point  only .  50 

For  wood  flooring  and  wood  stringers,  no  impact. 

For  all  other  live  loads: 

For  floor  beams  and  stringers .  25 

For  floor  beam  hangers  .  40 

For  all  counters .  40 


The  Philadelphia  specifications  previously  mentioned  give 
the  following  rule : 

Stresses  produced  by  the  street  railway  concentrated  loads  are  to  be 


increased  for  impact  by  the  formula  P  =  ^  -[-""5  w^en  ^  *s  t^le  added 
percentage  and  L  is  the  loaded  length  of  bridge  producing  the  maximum 
stress  in  the  member. 

In  New  York  City  no  allowance  for  impact  is  made  for  ve¬ 
hicle  or  foot  traffic. 

The  Pittsburgh  specifications  for  the  various  bridges  previ¬ 
ously  mentioned  provide  as  follows : 

The  dynamic  increment  of  the  live  load  to  be  added  for  impact 
shall  be  determined  by  the  formula : 


North  Side  Point  Bridge . / 

Other  bridges  previously  mentioned . / 

In  the  above  formulas 


150 

L  +  300 
100 

L  +  300 


S  =  Maximum  live  load  stress. 

L  =  Loaded  length  required  to  give  maximum  stress. 
I  =  Impact  to  be  added. 
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It  would  seem  to  the  writer  that  a  correct  allowance  for 
impact  on  highway  bridges  should  properly  vary  with  the  char¬ 
acter  of  the  paving,  the  irregularity  of  an  ordinary  stone  block 
pavement  being  such  as  to  result  in  considerable  impact,  while  a 
well-laid  wood  block  pavement  in  good  condition  would  produce 
but  little  impact.  He  has  not  attempted,  however,  to  establish 
such  a  practice,  and  it  has  been  his  custom  to  use  for  impact  the 
provision  of  the  Massachusetts  Public  Service  Commission,  inas¬ 
much  as  most  of  the  bridges  he  has  designed  have  been  subject  to 
the  approval  of  that  commission. 

LEGAL  REQUIREMENTS 

The  writer  has  not  attempted  to  secure  data  on  the  legal  re¬ 
quirements  of  other  states  than  Massachusetts  with  respect  to  the 
minimum  loads  for  which  highway  bridges  may  legally  be  de¬ 
signed,  and  hopes  some  information  on  this  subject  will  be 
brought  out  in  the  discussion.  1  he  laws  of  Massachusetts  bearing 
upon  the  question  as  found  in  the  Acts  of  the  Legislature  follow : 

Chapter  52,  Section  31,  Revised  Laws  of  1902,  Page  534: 

If  a  person  without  the  consent  of  the  person  or  corporation  re¬ 
quired  by  law  to  keep  a  bridge  in  repair,  or  his  or  its  agent,  permits 
more  than  twenty  neat  cattle  or  horses  to  be  upon  a  bridge  which  is 
more  than  fifty  feet  from  one  abutment,  pier  or  trestle  part  to  another, 
or  drives  or  transports  over  such  bridge  a  vehicle  with  a  load  exceed¬ 
ing  forty-five  hundred  pounds  in  weight  exclusive  of  the  team  and  ve¬ 
hicle,  and  thereby  breaks  or  injures  the  bridge,  such  person  or  corpora¬ 
tion  shall  not  be  liable  to  such  person  for  any  damage  caused  thereby. 
Xo  such  person  or  corporation  shall  be  liable  for  a  defect  in  the  bridge 
to  a  person  the  weight  of  whose  carriage  and  load  thereon  exceeds 
six  tons. 

Chapter  803,  Section  3,  Acts  of  1913,  Page  880: 

The  Massachusetts  Highway  Commission,  County  Commissioners, 
Superintendents  of  the  Streets,  Selectmen,  or  road  authorities  having 
charge  of  the  repair  and  maintenance  of  any  highway  or  bridge  in  any 
of  the  towns  in  the  Commonwealth  are  hereby  authorized,  upon  proper 
application  in  writing,  to  grant  permits  for  the  moving  of  heavy 
vehicles,  loads,  objects  or  structures  in  excess  of  a  total  weight  of 
fourteen  tons,  over  said  highways  or  bridges,  and  for  operating  or 
moving  over  any  highway  or  bridge  in  any  town  in  the  Common¬ 
wealth  outside  of  the  metropolitan  parks  or  sewerage  districts,  any 
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engine,  vehicle,  object  or  contrivance,  the  weight  of  which  resting 
upon  the  surface  of  said  highway  or  bridge  exceeds  eight  hundred 
pounds  upon  any  inch  in  width  of  tire,  roller,  wheel  or  other  object, 
which  permits,  when  duly  granted,  shall  authorize  such  movement. 
Said  permits  may  be  general  or  may  limit  the  time  and  the  particular 
roads  and  bridges  which  may  be  used,  and  may  contain  any  special 
condition  or  provisions  which  in  the  opinion  of  the  authorities  grant¬ 
ing  the  same  are  necessary  for  the  protection  of  said  highways  or 
bridges  from  injury.  The  authorities  that  have  charge  of  any  such 
bridge  are  hereby  authorized  to  make  regulations  limiting  the  speed 
of  any  of  the  vehicles  mentioned  in  this  act  passing  over  said  bridge 
to  a  speed  not  to  exceed  six  miles  an  hour,  provided  that  the  notice  is 
conspicuously  posted  at  each  end  of  the  bridge  affected  by  such  regu¬ 
lation  and  the  load  capacity  of  the  bridge  is  stated  therein. 

DEAD  WEIGHTS 

The  following  values  may  probably  be  safely  used  in  deter¬ 
mining  the  dead  weights  of  bridge  floors : 

WEIGHT  OF  PAVING  MATERIALS 

Lbs.  per  cu.  ft. 

Hard  (yellow)  pine,  4  lbs.  per  ft.  B.  M.  (Where  pro¬ 
tected  by  waterproofing  and  always  dry;  otherwise 


use  4*4  lbs) .  48 

Creo-resinate  yellow  pine  paving  blocks .  65 

Spruce  and  white  pine,  2*4  lbs.  per  ft.  B.  M .  30 

Bricks,  pressed  and  paving .  150 

Portland  cement  concrete .  160 

Tar  concrete  (base  for  asphalt  walks,  etc.) .  125 

Silician  rock  (Simpson  Bros.) .  140 

Trinidad  asphalt  (Barber  Asphalt  Co.),  refined .  74 

As  laid  .  140 

Granolithic  or  artificial  stone .  150 

Pavements  (exclusive  of  sand  cushion):  Lbs.  per  sq.  ft. 

6-inch  granite  block  .  80 

4-inch  brick  . 50 

4-inch  wood  block  (creo-resinate)  .  22 

Roadway  waterproofing: 


1  yA  in.  thick  (felt,  roofing  pitch,  sand  and  road 

pitch)  .  12 

Buckle  plates  .  10  to  20 


WIDTH  OF  ROADWAY 

The  width  of  roadway  necessary  to  provide  for  traffic  of  vari¬ 
ous  quantities  and  intensities  has  an  important  bearing  upon  the 
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design  of  the  floor,  and  the  writer  has  in  consequence  collected  a 
considerable  amount  of  data  bearing  upon  the  subject.  Some  of 
this  has  previously  been  published  in  a  recent  paper  by  the  writer 
upon  the  “Apportionment  of  Cost  of  Highway  Bridges  Between 
Street  Railways  and  Cities,”  printed  in  the  Proceedings  of  the 
Western  Society  of  Engineers  for  May,  1915. 

WIDTH  OF  VEHICLES 

Data  upon  the  width  of  various  heavy  vehicles  is  given  in 
Tables  1  to  5.  1  he  following  table  amplifies  these  bv  giving  the 

widths  of  ordinary  vehicles  and  the  distance  out  to  out  of  whiffle- 
trees. 


HORSE-DRAWN  VEHICLES 

The  width  of  ordinary  horse-drawn  vehicles  as  measured  in 
the  streets  of  Boston  is  given  in  the  following  table,  in  which 
(a)  =  distance  out  to  out  of  hubs;  (b)  =  distance  out  to  out  of 
wheels;  (c)  —  distance  out  to  out  of  whiffletrees : 


Haj-  wagon  . 

(a) 

.  7.75 

(b) 

7.00 

(c) 

8.00 

Heavy  express  . 

.  7.65 

6.70 

7.90 

Heavy  express  . 

.  7.80 

6.70 

7.60 

Ice  wagon  . 

.  7.40 

6.60 

7.00 

Hack  . 

5.25 

6.83 

Coal  wagon  (3-horse) . 

.  8.50 

10.83 

ELECTRIC  CARS 

In  comment  upon  the  widths  of  electric  cars,  it  may  be  noted 
that  the  Massachusetts  Public  Service  Commission  specifies  that 
the  distance  center  to  center  of  tracks  should  be  9.71  ft., 
and  that  for  this  spacing  a  total  width  in  the  clear  of  18.5  ft.  is 
required  by  two  lines  of  the  widest  cars — 8.79  ft.  in  width — used 
in  Boston. 

WIDTH  OF  VARIOUS  BRIDGES  WITH  TRAFFIC  STATISTICS 

Brooklyn  Bridge :*  \\  idth  of  roadway — Two  roadways  16  ft. 
9  in.  each  between  curbs,  with  single  street  car  track  on  each. 
Traffic  in  1912 — Surface  cars,  round  trip,  I  474  610;  average  per 
day,  including  Sundays,  4029  single  trips.  Other  vehicles,  exclu¬ 
sive  of  trains,  1  282  000;  average  per  day  of  twenty-four  hours, 
including  Sundays,  3503  single  trips. 
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Fig.  8.  Traffic  on  Brooklyn  Bridge,  New  York. 


Fig.  9.  Traffic  on  Manhattan  Bridge,  New  York 
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Fig.  10.  Traffic  on  Williamsburg  Bridge,  New  York. 


Manhattan  Bridge:*  One  roadway  35  ft.  between  curbs, 
without  street  car  tracks  in  roadway.  Total  roadway  vehicle 
traffic  in  1912,  1  607  800;  average  per  day,  including  Sundays, 
4381  single  trips. 

Williamsburg  Bridge :*  Two  roadways  19  ft.  11*4  in.  each 
between  curbs,  without  street  car  tracks  in  roadway.  Total  road¬ 
way  vehicle  traffic  in  1912,  1  974  700;  average  per  day,  including 
Sundays,  5395  single  trips. 

Queensboro  Bridge :*  One  roadway  35  ft.  1  ]/2  in.  clear, 
with  space  for  street  cars  on  either  side,  giving  a  total  width  of 
53  ft.  2l/2  in.  between  curbs.  Traffic  in  1912 — Surface  cars,  round 
trips,  507  030;  average  per  day,  including  Sundays,  1385  single 
trips.  Other  vehicles,  1  214  700  ;  average  per  day,  including  Sun¬ 
days,  3319  single  trips. 

•These  statistics  are  taken  from  Annual  Reports  for  1912  and  1913  of 
the  Department  of  Bridges  of  City  of  New  York. 
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Fig.  11.  Traffic  on  Queensboro  Bridge,  New  York. 


Fig.  12.  Traffic  on  Northern  Avenue  Bridge,  Boston,  Mass. 
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Fig.  13.  Traffic  on  Congress  Street  Bridge.  Boston.  Mass. 


Fig.  14.  Traffic  on  Meridian  Street  Bridge,  Boston.  Mass. 
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IV  ill  is  Avenue  Bridge*  New  York:  One  roadway  42  ft. 
between  curbs,  without  street  cars.  Total  vehicle  traffic  in  1911, 
1  980  490 ;  average  per  day,  including  Sundays,  5426. 

Northern  Avenue  Bridge,  Boston:  Two  roadways  each  18 
ft.  9  in.  and  one  roadway  at  18  ft.  6  in.  between  curbs,  without 
provision  for  street  cars.  Traffic  on  February  27,  1913,  between 
7  a.  m.  and  6  p.  m.,  3644  vehicles.  The  accompanying  photograph 
shows  traffic  conditions  on  this  bridge  on  a  typical  day  in  April, 
1915. 

Congress  Street  Bridge,  Boston:  One  roadway  44  ft.  be¬ 
tween  curbs  on  fixed  spans ;  31  ft.  4  in.  between  curbs  on  draw- 
span.  This  bridge,  including  draw-span,  is  used  regularly  by 
three  lines  of  vehicles,  and  can  be  used  by  four  lines,  as  is  shown 
by  Fig.  13.  No  street  cars.  Traffic  on  September  11,  1908,  7362 
vehicles. 

Malden  Bridge  Draw-Span,  Boston:  Two  roadways  each 
19  ft.  6  in.  between  curbs,  with  street  car  track  on  each  roadway. 
One  line  of  traffic  on  each  roadway  in  addition  to  street  cars. 

Broadway  Bridge,  Boston:  One  roadway  40  ft.  between 
curbs,  with  double-track  street  railway.  Traffic  on  March  8,  1915, 
from  6  a.  m.  to  10  p.  m.,  398  cars,  1925  other  vehicles.  Four  lines 
of  traffic. 

Meridian  Street  Bridge,  Boston:  One  roadway  21  ft.  3  in. 
between  curbs.  The  traffic  across  this  bridge  on  September  10, 
1912,  between  6  a.  m.  and  10  p.  m.,  consisted  of  1145  vehicles, 
including  street  cars.  One  line  of  traffic  in  addition  to  street  cars. 

Chelsea  North  Bridge,  Boston:  One  roadway  40  ft.  between 
curbs.  The  traffic  across  the  bridge  on  September  5,  1912,  be¬ 
tween  the  hours  of  6  a.  m.  and  10  p.  m.,  consisted  of  1307  street 
cars  and  2018  other  vehicles.  Four  lines  of  traffic. 

Rush  Street  Bridge,  Chicago:  Two  roadways  17  ft.  4  in.  be¬ 
tween  curbs.  Two  lines  of  traffic  on  each  roadway.  Traffic  on 
February  4,  1915,  between  7  a.  m.  and  7  p.  m.,  consisted  of  11  594 
horse-drawn  and  motor  vehicles.* 

♦This  information  furnished  by  F.  H.  Cenfield,  of  the  Western  Society 
of  Engineers. 
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Fig.  15.  Traffic  on  Chelsea  North  Bridge,  Boston,  Mass. 


Fig.  16.  Traffic  on  Rush  Street  Bridge,  Chicago,  111. 
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Fig.  17.  Traffic  on  Rush  Street  Bridge,  Chicago,  Ill. 


Fig.  18.  Traffic  on  Westminster  Bridge,  London,  England. 
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Fig.  19.  Traffic  on  London  Bridge,  London,  England. 


Fig.  20.  Traffic  on  Blackfriars  Bridge,  London,  England. 
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Fig.  21.  Traffic  on  Fifth  Avenue  at  Forty-second  Street,  New  York. 


Fig.  22.  Traffic  on  Lower  Broadway,  New  York. 


Andersojv  Memorial  Bridge 

OYER  CHARLES  P/YER 

between  Cambridge  and  Brighton  (Boston)  Mass- 


o  her  Mystic  River 

Fells  way -between  Somerville  and  Meoeord.Mass. 


Typical  H/ghwa  v  Bridge 

Massachusetts  Highway  Commission 


c^^.TTT9Vj  °'/e*  Mystic  River 

Concur,  i  <uJy**’  &  //no  ■  22  00  Main  Stneet- Meotoro.  Mass 

'*”*  (McrmeoL,™  Pm* Switch) 


Plats 4 


Plate  No.  4.  Cross  Sections  of  Various  Highway  Bridges. 
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The  following  figures  are  from  the  11)11  Report  of  the  Lon¬ 
don  Traffic  Branch  of  the  Board  of  Trade  and  refers  to  traffic 
on  one  day  in  1911,  between  8  a.  m.  and  8  p.  m. : 

Westminster  Bridge,  London:  W  idth  of  roadway  in  the 
clear,  54  ft :  14  618  horse  and  motor  vehicles,  including  2975  elec¬ 
tric  tram  cars. 

II  aterloo  Bridge,  London:  W  idth  of  roadway  in  the  clear, 
27  ft.  6  in. ;  10  192  horse  and  motor  vehicles ;  no  street  cars. 

Blackfriors  Bridge:  W  idth  of  roadway  in  the  clear,  73  ft. 
6  in.;  14  06?  horse  and  motor  vehicles,  including  1829  electric 
tram  cars. 

London  Bridge:  Width  of  roadway  in  the  clear,  3^  ft.; 
13  771  horse  and  motor  vehicles;  no  street  cars. 

Tozi'er  Bridge,  London:  W  idth  of  roadway  in  the  clear,  35 
ft. ;  9552  horse  and  motor  vehicles ;  no  street  cars. 


In  order  to  accurately  measure  the  capacity  of  a  bridge  or 
street  in  relation  to  traffic,  it  is  evidently  necessary  to  consider  the 
character  of  the  vehicles  and  their  speed,  as  well  as  their  number. 
For  the  purposes  of  making  such  a  comparison,  the  London 
Board  of  Trade  sets  up  as  a  unit  a  motor  cab  or  carriage,  and 
assigns  the  following  numbers  to  other  classes  of  vehicles: 


Trade  Vehicles. 


1  Horse  (fast) .  3 

1  Horse  (slow) .  7 

2  Horse  (fast) .  4 

2  Horse  (slow) . 10 

Motor  (fast) .  2 

Motor  (slow) .  5 


Passenger  Vehicles. 

Electric  Trams . 10 

Omnibuses  (horse) .  5 

Omnibuses  (motor) .  3 

Cabs  (horse) .  2 

Cabs  (motor) .  1 

Carriages  (horse) .  2 

Carriages  (motor) .  1 

Barrows .  6 

Cycles . 1  o 


The  Board  lays  down  the  following  definitions: 

“Traffic  Volume"  at  a  point  is  the  average  aggregate  number 
of  traffic  units  attributable  to  vehicles  which  pass  it  per  minute 
during  the  twelve  hours  from  8  a.  m.  to  8  p.  m. 

“Average  Traffic  Density”  is  the  aggregate  number  of  traffic 
units  attributable  to  vehicles  which  pass  the  point  during  the 
twelve  hours,  per  minute,  per  ten  feet  of  available  carriageway. 
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“Greatest  Traffic  Density”  is  the  average  density  per  minute, 
per  ten  feet  of  available  carriageway,  during  the  busiest  hour, 
expressed  in  traffic  units. 

With  the  above  units  and  definitions  in  mind,  the  following 
comparison  of  traffic  on  London  bridges  is  clear: 


Westminster  Waterloo  Southwark  Blackfriars  London  Tower 


Bridge 

Bridge 

Bridge 

Bridge 

Bridge 

Bridge 

Traffic  volume . 

90.4 

60.5 

105.9 

16.6 

89.2 

84.7 

Average  traffic  density .  . 

20.3 

22.0 

14.4 

5.8 

24.1 

24.2 

Hour  of  greatest  density. 

6-7 

5-6 

6-7 

•  •  •  • 

11-12 

11-12 

Density  of  that  hour. . .  . 

23.8 

22.5 

15.3 

.... 

27.4 

27.9 

Average  vehicles . 

4.2 

3.9 

5.0 

4.1 

4.0 

6.0 

COMPARISON  OF  WIDTH  OF  STREETS  AND  BRIDGES 

Statistics  upon  width  of  and  traffic  upon  various  streets  may 
be  useful  in  determining  the  question  of  proper  width  of  bridges. 
It  should  be  borne  in  mind,  however,  that  the  capacity  of  a  bridge 
in  vehicles  per  hour  is  considerably  greater  than  that  of  a  street 
because  of  the  freedom  from  interruption  by  traffic  on  intersect¬ 
ing  streets  and  by  vehicles  stopping  at  the  curb  to  discharge  and 
receive  freight  and  passengers.* 


WIDTH  OF  VARIOUS  STREETS  WITH  TRAFFIC  STATISTICS 

New  York:  Fifth  Avenue,**  south  of  Fifty-ninth  Street. 
Width  of  roadway,  55  ft.  between  curbs.  No  street  railway.  Six 
lines  of  traffic  possible,  in  addition  to  vehicles  standing  at  curb. 

New  York:  Broadway  at  Rector  Street.  Width  between 
curbs,  35  ft.,  with  double-track  street  railway.  Four  lines  of 
traffic  possible,  but  with  no  room  for  vehicles  to  pass  between  car 
and  truck  standing  at  the  curb. 

*For  example,  the  effective  width  of  roadway  of  Boylston  Street, 
Boston,  by  actual  measurement  is  not  more  than  36  ft.,  the  vehicles  at  the 
curb  requiring-  at  least  14  feet.  See  Fig.  23. 

♦♦Information  concerning  present  width  of  Fifth  Avenue  was  fur¬ 
nished  the  writer  by  Clarence  D.  Pollock,  Consulting  Engineer,  Park  Row 
Building,  New  York  City,  formerly  Assistant  Engineer  in  the  Department 
of  Highways,  Manhattan,  who  also  adds  the  following  statement: 

“Fifth  Avenue  was  formerly  40  ft.  between  curbs,  permitting  two 
lines  of  vehicles  to  move  in  each  direction,  in  addition  to  vehicles  standing 
at  the  curb.  This  increase  in  width  of  15  ft.  has  increased  by  50  percent 
its  capacity  for  moving  vehicles.” 

Traffic  statistics  before  the  avenue  was  widened  are  given  by  Clifford 
Richardson  in  article  referred  to  below.  This  article  states  that  in  1904 
the  total  number  of  vehicles  passing  between  7  A.  M.  and  6  P.  M.  was 
12  068. 

tThese  figures  are  from  an  article  entitled  “Street  Traffic  in  New 
York  City,”  by  Clifford  Richardson,  Associate  Member,  Am.  Soc.  C.  E.,  Vol. 
LVII  of  the  Transactions  of  that  Society. 
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London:  Piccadilly  .f  Width  of  roadway,  37  ft.  No  street 
car  traffic.  Traffic  between  S  a.  m.  and  8  p.  in.,  15  284  vehicles. 

Boston:  Washington  Street,  south  of  Summer  Street. 
Width  between  curbs,  32.5  ft.,  with  double-track  railway.  Pour 
lines  of  traffic  in  all,  with  just  room  for  a  vehicle  to  pass  between 
a  car  and  the  curb. 

Boston:  Boylston  Street,  between  Berkeley  and  Arlington 
Street.  Width  between  curbs,  50.2  ft.,  with  double-track  rail¬ 
way.  Room  for  six  lines  of  traffic  in  all,  or  for  four  lines  of 
traffic  with  ample  room  for  a  vehicle  to  pass  between  a  car  and 
another  vehicle  standing  at  the  curb. 

Berlin:  Leipzigerstrasse.  Width  of  roadway,  42.5  ft. 

Berlin:  Friedrichstrasse.  Width  of  roadway,  26.25  ft. 
(narrowest  part). 

Paris:  Rue  de  Rivoli.  Width  of  roadway,  39  ft.  (narrow 
part). 

Paris:  Avenue  de  l’Opera.  Width  of  roadway,  52.5  ft. 

Vienna:  Praterstrasse.  Width  of  roadway,  36  ft. 

WEARING  SURFACES 

Wearing  surfaces  for  highway  bridge  floors  may  be  classified 
under  the  following  heads : 

(a)  Plank. 

(b)  Stone  block. 

(c)  Wood  block. 

(d)  Brick. 

(e)  Asphalt. 

(f)  Miscellaneous. 

These  will  be  discussed  in  order  as  given  above. 

PLANK 

Such  floors  are  commonly  used  for  country  bridges.  They 
have  also  frequently  been  used  for  movable  city  bridges  carrying 
heavy  traffic  where  lightness  of  floor  is  important  for  economical 
operation,  as  well  as  for  low  cost  of  permanent  structure,  and  has 
been  considered  as  more  important  than  the  disadvantage  due  to 
frequent  renewal  of  a  plank  wearing  surface.  The  introduction 
of  wood  block  pavement  and  of  certain  patented  forms  of  wood 
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Fig.  23.  Traffic  on  Boylston  Street,  Boston,  Mass. 


pavement  has,  however,  made  it  possible  to  construct  a  light 
floor  much  more  durable  than  a  plank  floor  and  has  in  consequence 
done  away,  in  part  at  least,  with  the  temptation  to  use  plank  floors 
for  city  bridges  except  for  bascule  bridges,  the  floors  of  which 
must  be  so  constructed  that  they  will  not  slip  off  when  the  bridge 
is  raised.  Even  if  it  is  planned  to  use  wooden  sheathing  at  the 
outset  to  reduce  the  first  cost  of  a  given  bridge,  it  would,  never¬ 
theless,  seem  wise  to  design  the  permanent  structure  to  carry  the 
weight  of  a  wood  block  floor,  as  the  additional  cost  would  not  be 
large  and  increase  of  traffic  would  probably  eventually  result  in 
the  demand  for  a  better  floor. 

The  common  type  of  wooden  bridge  sheathing  consists  of 
two-inch  spruce  planks  planed  on  one  side  to  1%  in-  thick,  laid 
either  diagonally,  at  an  angle  of  60  degrees,  or  at  right  angles  to 
the  axis  of  the  bridge,  and  supported  on  an  under  floor  of  un¬ 
treated  yellow  pine  to  which  it  is  nailed.  The  following  is  the 
specification  for  such  sheathing  as  laid  on  the  Northern  Avenue 
Bridge  in  Boston  in  1907  : 
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All  spruce  plank  is  to  be  “merchantable”  quality,  Massachusetts 
inspection,  6  in.  to  8  in.  wide,  planed  on  one  side  to  even  thickness. 

Spruce  sheathing  plank  of  roadways  of  draw  span  is  to  be  laid 
planed  side  down  and  nailed  to  under  planking  with  30-d.  iron  nails, 
two  nails  being  used  at  each  end  of  each  plank,  and  intermediate  nails 
to  be  spaced  not  over  2-feet  apart  and  staggered. 

The  life  of  spruce  sheathing  on  bridges  carrying  heavy  traffic 
in  a  wet  summer,  such  as  the  past  summer  has  been  in  Boston, 
may  not  be  longer  than  from  six  to  ten  weeks,  and  the  sheathing 
may  have  to  be  replaced  five  or  six  times  per  year,  so  that  it  is 
evident  that  it  is  bound  to  prove  unsatisfactory.  Attempts  have 
been  made  in  Boston  to  lengthen,  by  the  use  of  preservatives,  the 
life  of  such  sheathing  on  bridges  where,  because  of  the  lack  of 
strength  of  the  structure  or  for  other  reasons,  the  laying  of  a 
thicker  and  heavier  pavement  is  impracticable.  A  number  of 
preservatives  have  been  tested  and  found  to  be  unsuccessful.  The 
writer  is  informed  that  Tylose  preservative  has  given  the  best 
results  and  that  planks  coated  with  this  on  both  sides  have  lasted 
13  weeks,  compared  with  10  weeks  for  untreated  planks  laid 
alongside.  Tarvia  has  been  tried  without  success. 

A  substitute  for  2  in.  spruce  sheathing,  consisting  of  alter¬ 
nate  layers  of  '2]/2  in.  spruce  and  maple  laid  on  edge  has  been  tried 
on  the  Northern  Avenue  Draw-Bridge  in  Boston  and  gives  evi¬ 
dence  of  proving  satisfactory. 

Untreated  spruce  sheathing  in  place  on  Boston  bridges,  laid 
in  accordance  with  the  specification  recently  quoted,  costs  about 
$38  per  1000  cu.  ft.,  $10  of  which  is  the  labor  cost  of  removing 
the  old  sheathing  and  laying  the  new.  This  total  price  is  equiva¬ 
lent  to  7.6  cents  per  sq.  ft. 


STONE  BLOCK 

Stone  block  pavement  is  very  durable  and  admirably  adapted 
for  heavy  traffic.  It  is  expensive,  both  in  first  cost  and  in  the 
weight  it  imposes  upon  the  structure. 

In  Boston,  it  has  been  the  custom  to  lay  this  paving  on  a 
sand  cushion  varying  in  thickness  from  1  in.  to  3  in.,  the  sand 
being  necessary  to  take  up  the  irregularities  which  occur  in  the 
blocks.  The  nominal  depth  of  the  blocks  commonly  used  in  Bos¬ 
ton  is  6  in. ;  in  Philadelphia  5  in.  blocks  are  used,  and  in  Pitts- 
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burgh  granite  and  limestone  blocks  varying  in  depth  from  5  in. 
to  7  in.  are  specified.  The  length  of  granite  blocks  varies  from 
8  in.  to  12  in.  and  the  width  from  2>l/2  in.  to  4^4  in. 

Experience  on  the  Cambridge  Bridge  between  Boston  and 
Cambridge  has  shown  that  such  pavements  may  be  laid  continu¬ 
ously  from  one  end  to  the  other  of  a  bridge  over  2000  ft.  in 
length,  with  a  maximum  span  of  190  ft.,  the  steel  expanding  and 
*  contracting  under  the  pavement  without  disturbing  it.  In  this 
bridge  the  floor  is  supported  between  expansion  ends  of  spans 
by  corrugated  copper  sheets.  All  expansion  of  the  paving  is  ap¬ 
parently  taken  up  by  the  pitch  joints,  which  are  preferable  to 
grout  for  bridge  floors. 

Stone  block  pavement  cannot  be  used  on  bascule  bridges,  as 
it  would  shift  or  slide  as  the  bridge  is  raised. 

The  cost  of  stone  block  pavement  with  pitch  joints  laid  in 
place  in  Boston,  exclusive  of  sand  cushion,  is  at  the  present  time 
about  $2.50  per  sq.  yd.  Its  weight  is  about  90  lbs.  per  sq.  ft. 

WOOD  BLOCK  PAVEMENT 

Wood  block  pavement  seems  to  be  especially  suitable  for 
bridges,  since,  in  addition  to  providing  an  excellent  wearing  sur¬ 
face,  it  is  light  in  weight  and  regular  in  thickness,  making  it  pos¬ 
sible  either  to  eliminate  the  sand  cushion  or  to  reduce  it  consid¬ 
erably  in  thickness.  Great  care  must  be  taken  in  laying  this  pav¬ 
ing  to  insure  satisfactory  results.  The  blocks  should  be  thor¬ 
oughly  impregnated  with  preservatives,  and  expansion  joints 
should  be  provided.  The  supporting  surface  should  be  sufficiently 
rigid  to  prevent  disintegration  due  to  deflection. 

The  results  of  improper  laying  of  such  paving  on  a  non-rigid 
floor  is  shown  in  Fig.  24,  of  Harvard  Bridge  in  Boston,  where 
wood  block  was  substituted  for  spruce  sheathing  some  years  ago. 
The  floor  construction  of  this  bridge  is  shown  on  Plate  6.  The 
failure  of  this  paving  should  not  be  attributed  to  the  non-rigid 
floor  alone.  The  wood  blocks  were  laid  close  to  the  shallow  street 
car  rails,  which  were  so  supported  that  they  deflected  consider¬ 
ably  under  traffic,  and  when  springing  back  tended  to  raise  the 
adjoining  blocks,  which,  when  once  raised,  failed  to  return  to 
place.  Moreover,  the  blocks  were  probably  not  thoroughly  im- 
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Fig.  24.  Harvard  Bridge  Floor,  Boston,  Mass. 


pregnated  with  preservatives  and  swelled  under  the  action  of  rain 
and  frost. 

Experience  in  Boston  would  indicate  that  it  is  undesirable 
to  lay  wood  block  pavement  directly  upon  a  plank  door,  or  on 
other  hard  bearing  surface,  since  the  blocks  are  not  uniform  in 
thickness.  A  layer  of  asphalt  mastic  Y\  in.  thick,  made  of  one 
part  of  asphalt  and  six  parts  of  sand  properly  mixed  and  laid 
hot,  has  given  good  results  on  Boston  bridges  with  timber  sub¬ 
planking.  Philadelphia  specifications  require  the  blocks  to  be 
laid  on  a  layer  of  sand  and  cement  1  in.  in  thickness,  mixed  dry 
in  proportions  of  one  part  of  cement  to  four  parts  of  sand,  and 
sprinkled  with  water  immediately  before  the  block  is  laid. 

The  sizes  of  wood  blocks  used  in  various  cities  are  as 
follows : 

Pittsburgh :  Length  5  to  10  in.,  averaging  8  in.;  depth  3}/> 
in. ;  width  not  less  than  3  in.  nor  more  than  4  in.  All  blocks  used 
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in  any  one  contract  shall  be  of  uniform  width,  and  there  shall 
always  be  a  difference  between  the  width  and  depth  of  block  of 
not  less  than  Ya  in*  A  variation  of  1/16  in.  shall  be  allowed  in  the 
depth  and  Y  in-  in  width. 

Philadelphia:  Dimensions  and  allowable  variations  are  same 
as  in  Pittsburgh,  except  the  depth  is  4  in. 

Boston:  Length  not  less  than  8  in.;  depth  2>l/2  in.;  width  4 
in.;  depth  and  width  not  to  vary  more  than  1/16  in.  from  dimen¬ 
sions  given. 

Wood  block  pavements  may  be  safely  used  on  bascule  spans 
if  properly  fastened.  Mr.  J.  B.  Strauss,  of  the  Strauss  Bascule 
Bridge  Company,  states  that  it  is  his  practice  either  to  toe-nail 
the  blocks  directly  to  the  sub-planking,  or  else  to  lay  steel  angles 
spaced  4  ft.  to  6  ft.  apart  and  spiked  to  the  sub-planking,  these 
angles,  which  are  laid  at  right  angles  to  the  center  lines  of  the 
bridge,  being  intended  to  act  as  shelves  when  the  bridge  is  raised. 

Hexagonal  wood  blocks  are  sometimes  used.  The  makers 
claim  that  such  blocks  knit  together  in  such  a  manner  as  to 
equally  distribute  traffic  loads,  and  that  blocks  as  thin  as  2/4  in. 
may  be  used  satisfactorily  for  bridge  floors.  The  expansion  of 
such  blocks  is  radial  and  is  said  to  be  much  less  than  that  of 
rectangular  blocks.  The  Public  Works  Department  of  Chicago 
is  about  to  try  this  form  of  blocks,  cut  from  young  cypress,  on  a 
bascule  bridge  at  Belmont  Avenue,  laying  the  blocks  directly  on 
a  solid  plank  floor  6  in.  thick.  Every  third  block  is  to  be  face- 
nailed  directly  into  the  sub-planking,  the  fact  that  the  blocks  are 
all  heart  wood  making  it  possible  to  do  this  without  splitting  the 
blocks. 

The  weight  of  treated  wood  block  pavement  is  found  in  the  • 
table  given  on  page  746.  Weights  for  other  thicknesses  may  be 
obtained  by  proportion. 

The  cost  of  4  in.  wood  block  pavement  as  laid  in  Boston  in 
1914,  with  a  five-year  guarantee,  averages  about  $2.50  per  sq.  yd. 
in  place,  exclusive  of  cushion.  It  varies  greatly,  however,  with 
the  density  of  traffic. 
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BRICK 

Brick  pavements  may  be  used  on  bridges  with  satisfactory 
results.  Such  a  pavement  is  cheaper  than  a  wood  block  pavement 
and  lighter  than  a  stone  block  pavement.  The  bricks  should  be 
laid  on  a  sand  or  mastic  cushion  similar  to  those  described  under 
the  heading  “Wood  Block  Pavement,”  and  expansion  joints 
should  be  provided.  The  city  of  Philadelphia  specifies  that  the 
bricks  should  be  3p2  in.  in  width,  4  in.  in  depth  and  S]/2  in.  in 
length,  and  that  they  shall  not  vary  in  depth  and  width  to  exceed 
l/$  in.,  nor  in  length  to  exceed  ]/2  in.  4  hey  are  also  required  to 
have  raised  lugs  on  one  side  not  to  exceed  %  in.  in  height.  1  he 
cost  of  brick  pavements  in  place  in  Boston  is  about  $1.T5  per  sq. 
yd.,  exclusive  of  sand  cushion. 

ASPHALT 

Asphalt  pavements  should  not  be  laid  on  bridges  except 
where  a  floor  base  of  concrete  or  other  rigid  material  is  employed. 
It  should  not  be  used  on  bascule  spans. 

M ISCELLANEOUS  PAVEM ENTS 

A  patented  pavement,  the  Shuman  pavement,  consists  of  nar¬ 
row  parallel  wooden  strips  of  maple,  treated  with  asphalt  and  fas- 


Fig.  25.  Kenwood  Bridge  Floor,  Albany,  N.  \  . 
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tened  together  in  the  form  of  blocks  about  2  ft.  wide  by  5  ft.  to 
7  ft.  long  by  4  in.  thick  is  illustrated  on  Plate  2.  This  pavement 
is  apparently  no  longer  manufactured  by  the  patentees,  but  it  is 
still  built  by  the  city  of  Boston,  which  has  the  patent  rights  for 
municipal  work  in  that  city.  This  pavement  is  light  in  weight  and 
can  be  securely  fastened  to  a  timber  underplanking,  making  it 
especially  desirable  for  bascule  spans. 

Macadam  paving  is  probably  seldom,  if  ever,  used  for  other 
than  reinforced  concrete  or  masonry  bridges,  where  it  can  be  laid 
on  a  solid  base  in  the  ordinarv  manner  used  for  street  construe- 

j 

tion. 


SUPPORTS  FOR  WEARING  SURFACES 


Plates  1 — 6  show  types  of  supports  for  wearing  surfaces  and 
need  but  little  description.  It  is  the  writer’s  opinion  that  timber 
flooring  consisting  of  yellow  pine  ties  and  planking,  similar  to  that 
shown  for  the  Chelsea  North  Bridge  or  Broadway  Draw-bridge, 
is  most  satisfactory  for  ordinary  city  bridges.  Such  a  flooring  has 
used  with  considerable  success  in  Boston,  and  is  the  commonly 
adopted  type  of  flooring  in  that  city.  Floors  with  timber  sub¬ 
planking  are  also  recommended  for  New  York  City  bridges  by 
Edward  A.  Byrne,  Assistant  Chief  Engineer,  Department  of 
Bridges,  New  York  City,  as  indicated  by  the  following  quotation 
from  the  paper,  “Surfaces  of  Floors  for  Bridges,”  which  was  pre¬ 
sented  by  Mr.  Byrne  to  the  American  Road  Builders’  Association 
on  December  17,  1914: 


<  mj4 


In  the  design  of  new  bridges  I  am  of  the  opinion  that  when 
weight  is  the  factor,  wood  block  on  a  timber  base  is  the  most  satis¬ 
factory  pavement  that  can  be  used;  where  the  conditions  permit  of  the 
use  of  a  heavy  material,  granite  block  is  the  most  preferable.  We  have 
had  most  satisfactory  results  with  untreated  yellow  pine  timber  as  a 
sub-base  with  a  waterproof  course  of  felt,  and  equally  good  result 
with  creosoted  yellow  pine  timber  without  this  waterproofing  course. 

The  principal  advantages  of  this  form  of  flooring  are  its 
very  considerable  rigidity,  combined  with  lightness  and  conse¬ 
quent  cheapness  for  the  bridge  as  a  whole.  If  the  timber  planking 
is  laid  with  tight  joints  such  a  floor  is  practically  fireproof,  as 
was  shown  during  a  fire  in  the  operating  room  of  the  Charlestown 
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Draw-bridge  in  Boston,  where  a  particularly  hot  fire  occurred 
some  years  ago  due  to  the  short  circuiting  of  electric  wires.  This 
fire  was  aggravated  by  the  burning  of  a  large  amount  of  oil  which 
was  stored  in  the  room,  but  in  spite  of  this  the  Kyanized  spruce 
floor  planking  of  the  bridge  which  formed  the  roof  of  the  engine 
room,  while  charred,  was  not  injured  sufficiently  to  require  its 
removal  or  strengthening. 

The  life  of  yellow  pine  planking  in  bridge  floors,  when  prop¬ 
erly  protected  by  waterproofing,  is  probably  not  less  than  twenty 
years,  while  the  steel  superstructure  has  been  known  to  give  out 
in  less  time  than  this. 

Specifications  for  waterproofing  for  such  a  floor,  in  accord¬ 
ance  with  practice  in  Boston,  follow : 

The  lower  planking  of  the  roadways  of  Spans  1,  2  and  3,  and  of 
the  sidewalks  at  the  transverse  railway  track  of  Span  3,  is  to  receive 
one  coat  of  roofing  pitch  over  which  four  thicknesses  of  roofing  felt, 
properly  lapped,  are  to  be  laid  in  a  manner  to  be  approved  by  the 
Engineer.  Each  layer  of  felt  is  to  be  thoroughly  mopped  with  roof¬ 
ing  pitch,  and  the  fourth  is  to  have  a  heavy  additional  coating  of 
pitch  put  on  by  flowing.  At  the  curbs,  expansion  joints,  rails  and 
scuppers  particular  care  is  to  be  taken  in  laying  and  fastening  the  telt 
as  directed. 

The  felt  is  to  be  covered  with  a  layer  of  pitch  concrete,  from  1  to 
\l/2  inches  thick,  as  indicated,  made  of  dry  sand  and  hot  road  pitch, 
put  in  place  while  hot,  and  thoroughly  compacted  by  rolling  or  ram¬ 
ming,  or  both.  The  proportion  of  sand  and  road  pitch  in  the  concrete 
is  to  be  about  1  gallon  of  pitch  to  each  cubic  foot  of  sand,  and  it  is  to 
be  such  as  to  make  a  stiff,  firm  concrete,  satisfactory  to  the  Engineer. 

No  waterproofing  is  to  be  done  in  wet,  inclement  or  freezing 
weather  except  as  directed  by  the  Engineer  and  with  such  precaution 
as  he  may  require. 

Buckle  plate  floors  have  proven  satisfactory  for  stone  block 
pavement.  They  are  not  especially  rigid  and  may  give  consider¬ 
able  trouble  with  wood  block  pavements,  as  indicated  by  the  fol¬ 
lowing  quotation  from  the  previously  mentioned  paper  bv  Mr. 
Byrne,  which  refers  to  the  Queensboro  Bridge : 

The  design  of  the  roadway  floor  where  buckle  plates  are  used 
called  for  the  placing  of  these  plates  on  stringers,  having  a  top  flange 
width  of  12  in.,  spaced  5  ft.  on  centers,  the  plates  being  laid  with  the 
buckle  down.  On  this  floor  a  Portland  cement  concrete  base  (1  :  3  :  6) 
was  laid.  The  depth  of  this  foundation,  for  the  greater  part  of  the 
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roadway,  varied  from  \]/2  to  A]/2  in.  On  this  concrete  a  cushion  of 
very  dry  cement  and  sand  mortar  y2  in.  in  depth  was  spread  and  its 
surface  struck  with  a  straight  edge.  On  this  cushion  the  wood  blocks 
were  laid  at  right  angles  to  the  center  line  of  the  bridge  with  %  in. 
joints. 

The  blocks  were  4  in.  depth  and  cut  from  sound  long-leaf  yellow 
pine  planks  4  in.  thick  and  from  7  to  9  in.  wide.  Ten  percent  sap  wood 
was  permitted. 

The  blocks  were  treated  by  the  creo-resinate  process  and  the  usual 
tests  were  specified. 

The  joints  were  filled  with  paving  cement  of  a  bituminous  ma¬ 
terial,  free  from  coal  tar  or  its  products. 

For  the  first  two  years  of  service  this  pavement  required  but 
slight  attention,  but  the  constantly  increasing  traffic  commenced  to 
affect  the  foundation  quite  seriously.  The  buckle  plates,  under  the 
heavy  traffic,  continually  deflecting,  caused  the  concrete  to  crack  at 
many  points.  As  the  stringers  provided  a  more  rigid  base,  the  con¬ 
crete  over  them  stood  up  much  better. 

The  concrete  used  was  of  very  lean  proportions  for  use  under 
such  conditions,  and  it  might  be  justly  stated  as  a  further  cause  why 
this  pavement  should  fail. 

It  is  quite  remarkable  to  see  how  this  pavement  maintains  its 
almost  original  position  over  the  stringers  and  assumes  a  depressed 
surface,  varying  from  ^4  in.  to  \y2  in.  over  the  center  of  the  buckle 
plates,  forming,  a  series  of  well-defined  ridges  and  valleys  over  the 
entire  length  of  the  bridge  where  these  buckle  plates  form  the  base. 

The  sand  and  cement  mortar  cushion  has  also  been  a  source  of 
trouble. 

This  cushion,  for  lack  of  ability  to  drain,  is  always  damp,  and 
after  storms  it  is  thoroughly  saturated.  When  these  storms  are  fol¬ 
lowed  by  rapid  changes  in  temperature  the  blocks  commence  to  heave, 
and  this  heaving  in  many  places  has  amounted  to  over  3-feet  above  the 
normal  surface  of  the  pavement.  This  cushion  provides  a  shifting  base 
for  the  blocks  and  this,  together  with  the  expansion  and  contraction 
of  the  bridge,  further  accelerates  the  movement  of  the  pavement.  On 
one  or  two  occasions  vehicle  traffic  over  the  bridge  had  to  be  confined 
to  the  spaces  occupied  by  the  trolley  tracks  to  avoid  possible  accident. 
There  are  two  trolley  tracks  laid  on  this  bridge  within  the  pavement 
limits,  each  located  near  the  curbs. 

Concrete  and  reinforced  concrete  floors  and  brick  arch  floors, 
while  durable  and  rigid,  are  very  heavy,  and  in  consequence  im¬ 
pose  an  unnecessarily  heavy  load  upon  the  permanent  structure. 
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DISTRIBUTION  OF  LOAD,  COMPUTATIONS  AND 

UNIT  STRESSES 

The  determination  of  the  correct  distribution  of  the  applied 
load  over  the  various  supporting  members  of  the  floor  system  is 
a  problem  which  does  not  admit  of  a  definite  solution,  owing  to 
the  extreme  statical  indeterminateness  of  the  system.  I  he  prob¬ 
lem  may  be  considered,  however,  under  two  heads:  (a)  the 
effect  of  the  paving  or  other  surfacing  in  distributing  the  load 
over  its  supports,  and  (b)  the  effect  of  the  continuity  of  the  sup¬ 
porting  surface  and  of  the  street  car  rails  in  dstributing  the  load 
over  the  stringers. 

DISTRIBUTION  DUE  TO  PAVING 

The  distribution  under  (a)  is  evidently  a  matter  of  experi¬ 
mental  investigation,  and  so  far  as  the  writer  is  aware,  no  such 
investigations  have  been  made.  For  a  sheathed  floor  in  good  con¬ 
dition,  considerable  distribution  may  occur,  but  when  the  sheath¬ 
ing  is  old,  none  can  be  counted  upon.  It  would,  therefore,  seem 
wise  to  make  no  allowance  in  the  design  of  such  a  floor  for  the 
distribution  due  to  the  sheathing. 

In  the  case  of  stone  block  paving  laid  on  paving  sand  over  a 
layer  of  waterproofing  material,  the  distributing  effect  of  the 
sand  and  waterproofing  is  considerable,  and  it  would  seem  justi¬ 
fiable  to  consider  a  wheel  load  as  distributed  uniformly  over  the 
base  of  a  frustrum  of  a  pyramid  with  sides  sloping  at  forty-five 
degrees  and  with  an  upper  surface  equal  to  the  base  of  the  paving 
block. 

For  brick  or  wood  block  paving  a  considerable  arching 
effect  may  perhaps  occur,  but  it  would  seem  unwise  to  count  upon 
this  to  distribute  the  load,  which  should  be  considered  as  distrib¬ 
uted  in  a  similar  manner  to  that  suggested  for  stone  block  pave¬ 
ment,  provided  the  pavement  is  laid  upon  sand  or  other  yielding 
substance.  If  laid  directly  upon  planks  or  other  hard  surfaces,  no 
distribution  can  be  counted  upon  other  than  that  over  the  base  of 
the  block  itself. 

For  a  pavement  of  the  Shuman  type,  described  later,  consist¬ 
ing  of  parallel  strips  laid  edgewise,  giving  sections  of  some  little 
length  and  considerable  thickness,  a  reasonable  distribution  of 
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the  load  will  occur  until  the  surfacing  is  reduced  by  wear  so 
much  that  it  should  be  replaced. 

DISTRIBUTION  DUE  TO  CONTINUITY 

Under  (b)  an  approximate  analytical  solution  is  possible, 
although  such  a  solution  should  be  used  as  a  guide  rather  than  as 
an  accurate  determination  of  the  distribution.  The  development 
by  the  Theorem  of  Least  Work  of  an  equation  for  the  distribution 
of  a  concentrated  load  by  continuous  beams  supported  on  other 
beams,  in  which  due  consideration  is  given  to  the  relative  elas¬ 
ticity  of  both  sets  of  beams,  is  given  in  Appendix  A,  which  fol¬ 
lows  this  paper. 

The  numerical  examples  at  the  end  of  the  Appendix  indicate 
that  in  the  design  of  the  floor  planks  of  a  bridge  of  the  type  of 
the  Broadway  Draw-bridge,  shown  on  Plate  3,  continuity  should 
not  be  counted  upon.  The  continuity  of  the  ties  may,  however,  be 
utilized.  If  the  floor  be  so  laid  that  the  ends  of  the  floor  planks 
of  a  strip  of  floor  having  a  width  equal  to  the  length  of  a  tie  all 
come  on  one  tie  which  can  be  made  specially  wide,  then  the  effect 
of  the  continuity  of  the  floor  plank  may  be  counted  upon  in  dis¬ 
tributing  the  load  over  the  ties. 

The  assumption  commonly  made  in  the  design  of  railroad- 
bridge  floors,  that  the  rails  distribute  the  load  over  three  ties, 
may  be  properly  made  in  the  case  of  a  highway  bridge,  but  the  tie 
loads  resulting  from  a  50-ton  trolley  car  thus  distributed  would 
be  less  than  those  coming  from  a  20-ton  truck  on  two  axles  dis¬ 
tributed  through  the  floor  planking,  and  hence  would  not  ordi¬ 
narily  be  the  controlling  factor  in  determining  the  size  of  a  tie. 
It  would  seem  proper,  however,  to  test  the  strength  of  tie  and 
planking  for  any  given  bridge  by  determining  the  stresses  due  to 
a  derailed  car,  which  case  might  readily  be  the  controlling  factor 
in  the  design.  The  Massachusetts  Public  Service  Commission 
gives  the  following  rule  for  the  distribution  due  to  the  rail : 

If  ties  or  wooden  floor  beams  are  exposed  to  bending  the  weight 
on  one  axle  shall  be  considered  as  distributed  equally  upon  three  ties, 
if  the  latter  are  not  over  eight  inches  apart  in  the  clear.  If  they  are 
further  apart,  the  load  on  each  shall  be  found  by  assuming  an  axle 
load  to  be  distributed  uniformly  over  a  distance  of  four  feet. 
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Experience  in  Boston  has  shown  that  a  1  in.  pi. ink  floor 
supported  on  8  in.  by  8  in.  ties,  2  ft.  center  to  center,  with 
stringers  6  ft.  center  to  center,  has  proven  satisfactory  on  certain 
Boston  bridges  carrying  heavy  traffic  in  two  separate  cases;  in 
one,  that  of  the  Chelsea  North  Bridge,  on  which  the  wearing  sur¬ 
face  is  Shuman  paving,  which  of  itself  distributes  the  load  well ; 
and  the  other,  the  Meridian  Street  Bridge,  with  a  sheathed  floor. 

The  distribution  of  the  load  over  the  stringers  in  the  case  of 
a  concrete  slab  floor  supported  on  the  tops  of  the  stringers  may 
be  determined  by  the  use  of  the  equation  developed  in  Appendix 
A,  which  is  probably  accurate  enough  for  ordinary  proportions 
of  slabs  and  stringers.  For  the  case  of  a  reinforced  concrete 
floor  consisting  of  slabs  and  beams,  the  methods  of  computation 
commonly  adopted  in  reinforced  concrete  design  may  be  used. 

For  a  floor  consisting  of  brick  arches  supported  on  bottom 
flanges  of  beams,  no  continuity  is  evidently  possible. 

For  concrete  arches  turned  between  I-beam  stringers  and 
supporting  a  concrete  slab  floor  of  which  they  are  realh  a  part, 
the  continuity  is  marked,  but  the  distribution  on  the  stiingers 
cannot  be  readily  determined.  Such  floors  are  used  in  Philadel¬ 
phia  bridges,  and  Mr.  Webster,  Chief  Engineer  of  the  Bureau  of 
Surveys  of  that  city,  states  that  it  is  the  custom  of  their  bridge 
department  to  proceed  as  follows : 

Where  a  steel  framework  is  required,  our  standard  floor  consists 
of  concrete  jack  arches  sprung  between  the  beams,  usually  6  in.  thick 
at  the  crown.  The  stiffening  effect  of  the  concrete  above  the  neutral 
axis  is  taken  into  account  and  reduces  the  required  section  modulus  of 
the  steel  beam  in  a  varying  proportion,  but  usually  about  as  1.^  000  t<> 
17  000.  The  solid  floor  serves  also  to  distribute  a  concentrated  load 
over  several  adjacent  beams;  we  have  been  somewhat  arbitrarily  esti¬ 
mating  that  a  beam  immediately  under  a  concentrated  load  would 
carry  a  proportion  thereof  as  follows: 

For  beams  4  ft.  c.  c 
For  beams  5  ft.  c.  c 
For  beams  6  ft.  c.  c 

Mr.  Webster  also  states  that  floors  thus  designed  have  been 
shown  by  physical  tests  to  be  very  rigid  and  strong. 
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Fig.  26.  Sketch. 


COMPUTATIONS  ILLUSTRATED 

In  the  actual  design  of  a  plank  and  tie  floor  with  stone  block 
pavement,  such  as  that  shown  in  Figure  26,  the  following  assump¬ 
tions  may  be  legitimately  made : 

1.  The  maximum  wheel  load  should  be  entirely  carried  by  one 
floor  plank. 

2.  A  wheel  load  may  be  considered  to  be  distributed  over  a  base 
having  a  length  made  up  as  follows: 


Stone  block  .  8  in. 

Sand  and  waterproofing .  6  in. 

Total .  14  in. 


3.  The  effective  span  of  the  planking  is  20  in.,  i.  e.,  it  may  be 
assumed  that  2  in.  of  bearing  on  each  edge  of  the  tie  is  sufficient  to 
properly  transmit  the  load. 

4.  The  proportion  of  any  load  directly  over  a  tie  borne  by  that 
tie  may  be  taken  as  three-fourths  of  the  load,  provided  the  floor  plank 
is  continuous  over  the  tie.  Otherwise  the  entire  load  should  be  as¬ 
sumed  as  borne  by  the  tie. 

5.  Ties  may  be  considered  as  continuous  when  supported  by 
three  or  more  stringers  and  computed  accordingly,  using  for  the  max¬ 
imum  moment  8/10  of  the  moment  on  an  end-supported  beam.  Note 
that  the  effect  of  continuity  on  the  floor  plank  combined  with  that  on 
the  tie  would  give  a  resultant  moment  due  to  a  single  load  equivalent 
to  3/4  X  8/10  =  6/10  that  on  an  end-supported  beam  under  the  same 
load. 


Under  these  assumptions,  the  maximum  moment  on  the  floor 
planking,  neglecting  the  dead  load,  the  effect  of  which  is  very 
small,  would  be  given  by  the  following  equation : 

M  =  ~  (9  in.  —  3 in.)  =  P  X  2.75  in. 

/V 

For  a  wheel  load  of  5  tons,  the  resulting  maximum  moment 
would  be  27  500  in.  lbs.  For  a  plank  4  in.  thick  and  12  in.  wide, 
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the  resulting  maximum  fiber  stress  would  be  8G0  lbs.  For  planks 
8  in.  wide,  the  resulting  maximum  fiber  stress  would  be  1300  lbs. 

For  a  50-ton  derailed  car,  the  maximum  fiber  stress  in  bend¬ 
ing  on  a  1  by  8  in.  plank  would  be  1600  lb.,  which  would  be  safe 
for  the  occasional  application  resulting  from  derailment. 

For  wood  block  or  brick  pavements  the  load  would  be  distrib¬ 
uted  over  a  shorter  distance  and  the  fiber  stresses  would  be  larger, 
and  the  planking  should  consequently  be  increased  in  thickness, 


or  the  ties  laid  more  closely  together.  The  resulting  increase  in 
rigidity  would  be  extremely  desirable,  particularly  for  the  wood 
block  paving,  as  such  paving  will  not  stand  up  well  under  traffic 
unless  laid  on  a  rigid  base,  as  explained  elsewhere. 

The  maximum  moment  on  the  tic  if  the  stringers  are  <>  feet 
cr.  to  cr.  due  to  a  wheel  load  of  5  tons  applied  at  its  center  would, 
in  accordance  with  assumptions  1  and  5,  equal 


G/10  X  ^000  lbs.  X  3  ft.  =  9000  ft.  lbs. 

The  maximum  fiber  stress  in  the  tie  would  therefore  equal 


9000  X  12  X  ft  _  12go  lbs 
3X8X8 

A  50-ton  derailed  car  with  6.25  tons  per  axle  would  cause  a 
fiber  stress  of  1575  lbs. 

If  the  load  is  applied  to  a  tie  through  the  end  of  one  of  the 
floor  planks  the  fiber  stresses  would  be  4/3  as  large  as  those  com¬ 
puted,  the  effect  of  the  continuity  of  the  floor  plank  being  neg¬ 
ligible.  A  tie  carrying  ends  of  floor  planks  would  therefore  be 
stressed  somewhat  too  high,  unless,  as  previously  suggested,  it 
should  be  made  wider  than  8  in. 

The  computations  just  made  have  been  for  fiber  stresses  in 
bending  only.  As  a  matter  of  fact,  the  shearing  strength  of  a 
wooden  beam  may  be  the  controlling  factor  in  the  design  of  ordi¬ 
nary  beams,  but  the  only  case  where  this  would  be  likely  to  affect 
the  design  of  the  planking  is  at  a  point  near  the  end  of  a  plank, 
and  here  the  plank  should  be  thoroughly  spiked  to  the  tie,  the 
spikes  serving  to  help  carry  the  longitudinal  shear.  1  he  liability 
to  fail  by  shear  would  also  be  decreased  by  the  fact  that  the 
plank  would  extend  on  the  tie  several  inches  beyond  the  section 
of  maximum  shear  at  the  edge  of  the  tic,  particularly  it  the  ends 
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of  the  planks  are  supported  on  specially  wide  ties,  and  even  if  the 
shearing  stress  should  exceed  the  allowable  maximum  at  the  edge 
of  the  tie,  where  it  would  have  its  greatest  value,  failure  could 
not  occur  at  that  point  without  the  fracture  extending  over  the 
entire  portion  of  the  length  of  plank  supported  on  the  tie.  The 
intensity  of  longitudinal  shear  both  in  planks  and  ties  should,  how¬ 
ever,  be  investigated  and  the  designer  governed  accordingly. 


UNIT  STRESSES 

The  unit  stresses  for  floor  members  are  generally  taken  the 
same  as  for  other  members  of  the  bridge.  The  unit  stresses  for 
timber  and  steel,  as  specified  by  the  Massachusetts  Public  Service 
Commission  for  bridges  carrying  electric  railways,  are  as  follows : 

The  total  maximum  stress  in  any  piece  from  the  vertical  loads  and 
impact  shall  not  cause  greater  stresses  per  square  inch  than  the  fol¬ 
lowing  : 


ON  TIMBER 

Long-leaved  yellow  pine:  Pounds 

In  tension  .  1500 

In  bending  .  1600 

In  bending  on  ties .  1200 

In  shearing  along  the  grain .  120 

In  compression  across  the  grain .  400 

In  local  bearing  along  the  grain .  1500 

In  compression  on  columns . 1000  —  10-^ 

a 


in  which  /  =  length  of  column,  in  inches;  d  —  least  transverse  dimen¬ 
sions,  in  inches. 

For  spruce  or  chestnut,  use  two-thirds  of  the  figures  for  yellow 
pine. 

For  Douglas  fir,  use  nine-tenths  of  the  figures  for  yellow  pine. 

For  white  oak,  use  the  same  as  for  yellow  pine  in  tension,  shear¬ 
ing,  bearing,  and  compression  across  the  grain;  and  two-thirds  of  that 
for  yellow  pine  in  bending  and  on  columns. 


ON  "structural"  STEEL 


Pounds 


Tension,  on  net  section .  16  000 

Shearing  (as  on  plate  girder  webs  and  on  pins),  on 

net  section  . .  .  12  000 

Compression  (rolled  beam  flanges) .  16  000 

Compression  (plate  girder  flanges) .  14  000 

Compression  (in  other  members  and  parts) .  12  000 


l-f  /  I3 

20  000  r2 
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For  reinforced  concrete  the  stresses  specified  by  the  Joint 
Committee  may  be  used.  See  Trans.  Am.  Soc.  Civil  Engrs,  1914. 

The  designer  should  bear  in  mind  that  the  failure  of  the 
floor  supporting  surface  would  not  result  in  the  serious  conse¬ 
quences  that  would  follow  the  failure  of  the  stringers  or  of  the 
trusses  and  girders.  Failures  in  the  floor  system  occurring  in  well- 
designed  bridges  would  be  due  to  exceptionally  heavy  loads,  in 
which  case  the  burden  of  responsibility  might  well  fall  upon  the 
transporting  company. 
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Fig.  27. 


APPENDIX  A 

To  determine  the  reactions  on  the  ties  due  to  a  load  P  ap¬ 
plied  to  a  floor  system  such  as  that  shown  in  Fig.  27  proceed  as 
follows : 

Neglect  the  relatively  slight  effect  of  the  elasticity  of  the 
stringers  upon  the  distribution  of  the  loads;  in  other  words, 
consider  the  stringers  as  rigid  in  comparison  with  the  ties. 
Neglect  also  the  effect  upon  the  reactions  due  to  the  continuity 
of  the  floor  planks  on  the  ties  beyond  the  two  spans  shown  in 
the  figure;  that  is,  consider  only  the  case  of  two  equal  spans 
each  way,  the  difficulties  in  the  way  of  obtaining  a  solution  with 
more  variables  being  excessive,  and  the  maximum  moment  on  a 
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beam  continuous  over  equal  spans  clue  to  a  concentrated  load 
being  practically  the  same  whether  the  beam  extends  over  two 
or  several  spans. 

Now  in  addition  to  the  nomenclature  indicated  in  the  figure, 

Let  I  =  moment  of  inertia  of  plank. 

Ix  =  moment  of  inertia  of  tie. 

E  =  modulus  of  elasticity  of  plank. 

E\  =  modulus  of  elasticity  of  tie. 

W  =  total  work  in  system. 

Rk  =  reaction  of  floor  plank  on  tie  to  let t  of  load. 

R2  =  reaction  of  floor  plank  on  tie  to  right  of  load. 

The  total  work  in  the  system  is  given  by  the  equation 

W  -  f^ 
w  j  2  El 

This  may  be  expressed  as  follows  in  terms  of  the  unknown 
reactions  R  i. 


W 


/»KL 

•/  O 


(R,x)*dx 


r 

o 


2  El 

L  (P — R  x — R  2)  ~x'dx 
2  El 


+  f 

o 


^-KL  \R  1 KL  +  R  iX — Px]  °dx 
2  El 

.KlLl  (1—KlY 


s 


:./y^L,i+^r  + 

2  EJ 1  L 

(P — R 1 — R 1) 2]  x  'dx 

s +r2> +(p-R>-R>y]dx 

j  o  2 E\I  1 L 


By  the  principle  of  least  work, 
dW  ,  hence, 


dRi 

dW 

dRt 


=  o 


=  0  =Ri 


{L'KL)  +§'(L-A'L) 


El 


(. L-KL ) 3  L3_  ,?  (l-K,)*  KJU 

+■  »r-r  +3EI 


SEI 


1 


and 


-P 

+P2 

dW 


n  rn.  AL-KLY  V  ^l-K^KYLY 
L -2EdL'KL)  +  3EI  +  3EI  +  3  Ed , 


r— 

LS£/ 


+ 


(1-KxYKx'Li 


SEJi 


■} 


a) 


L3  (l-K,YKrLd 

3EI  +  3  EJ , 


dR2 

rJJ  ( 1-KJ-KJL ,3-| 
^L3£/+  S£./.  I 

r  L3  2(l-K,YKrL, 
+K'L3EI  +  3  EJ , 


(2) 


778  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 


Simplifying  equation  (1)  gives  following  expressions: 

p  r 2U_  ,  2  (l-Ki)2Ki2Li3~\ 

Kl  L8EI+8  Ed 1  J 
„  r l*k*  kl  „ 

- P  I  —  TTTTT-  +  —  —  + 


+  R 2 

Solving  gives 

R*  =P- 


L3I<3 

KL3  2 

L3 

.6  El 

2EI  3 

El 

r  u 

{1-KiYKi 

2  Lx' 

Y3EI 

+  3Ed  1 

KL3 

K3L3 

1 

a- 

2EI 

6EI 

3EJ  i 


i- 


o 


3  Ed i 


L3  (l-KiyKSLl 
3EI  +  Edi 


:] 


(3) 


(4) 


R  i  may  best  be  determined  by  using  the  numerical  value 
of  R  2  and  solving  by  statics  in  the  ordinary  manner.  Equation 
(4)  may  be  still  further  simplified  in  appearance  by  letting 

E  ,  I  ,  Li 

a  =  —  ;  b  =  -T-  ;  and  c  =-7— 

Ei  h  E 


in  all  of  which  a,  6  and  c  are  constants  for  any  given  case. 


The  final  equation  will  then  be  as  follows: 

J5K — Kz  +2(l—K1)2K12abc 3 


Ri  =  P- 


2  +6(1 — K1)2  Ki2abc' 


(6) 


The  application  of  this  formula  may  be  illustrated  by  the 
following  numerical  examples. 


Problem :  Determine  the  reactions  due  to  a  single  load  P 
in  various  positions  for  a  floor  such  as  that  shown  in  Fig.  26, 
assuming  the  ties  to  be  6  ft.  center  to  center. 

For  this  floor 
=  1 


a 


1 
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9 


b  = 


—y8.S.8.S 

1  ~ 


l 

8 


c  =  6-£  =  3.0 
2 


For  case  where  k  =  -  and  kY  =  -y  i.e.f  for  the  case  ot  single 

load  in  middle  of  span  of  a  floor  plank  which  is  supported  at  the 
center  of  the  ties. 


R,  =  P 


7~Mt) 


=  P 


U 

8 


+ 


3.4 

8 


14- 


16  10.2 
8  +  8 


26.2 


=  0.55  P 


The  fact  that  this  reaction  is  nearly  the  same  as  it  would 
be  if  the  floor  plank  were  an  end-supported  discontinuous  beam 
indicates  that  for  this  floor  at  least  little  or  no  allowance  should 
be  made  for  continuity  in  designing  the  floor  plank. 

For  6  x8  in.  floor  planking  R>  = 0.45  P  which  indicates  that 
for  this  case  continuity  in  the  floor  planking  cannot  be  counted 
upon  as  the  ties  are  not  rigid  enough  in  proportion  to  the  floor 
planks. 

For  4  x8  in.  planking  with  k  =1  and  kx  =  ~y  this  being  the 


case  with  load  P  upon  a  continuous  floor  plank  and  directly  over 

IQ  L 

the  tie  at  its  center,  R 2  =  —  P  =  0 .74  P- 

40 . 6 


With  the  same  condition  as 

, 3.4 


Rt  =  P 


26.2 


=  0.13 


above  but  with  k  =0, 
P 


,  „  „  0.13P  n  no  D 

and  Ri  =  P - 7-  =  0.93  P 

It  is  evident  that  considerable  allowance  in  tie  computation 
may  be  made  for  continuity  of  the  floor  planking  for  planking 
as  thin  as  4  in.  on  8  x8  in.  ties,  except  for  ties  carrying  ends  ot 
floor  planks,  for  which  case  no  allowance  should  be  made. 


780  PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA. 


DISCUSSION 

Mr.  E.  K.  Morse:*  It  is  not  the  intention  of  the  writer  to 
enter  into  a  discussion  of  the  author’s  paper.  He  does,  however, 
wish  to  touch  upon  a  few  points  wherein  his  experience  differs 
from  that  given  in  the  paper,  and  upon  a  few  points  not  men¬ 
tioned.  In  the  author’s  paper  it  is  stated  that  it  is  not  desirable  to 
lay  wood  blocks  directly  on  a  hard  bearing  surface,  but  to  use  Y 
in.  of  asphalt  mastic.  This  the  writer  believes  to  be  in  error. 

In  the  construction  of  the  Ford  City  Bridge,  recently  built 
by  the  writer,  a  creosoted  block  floor  was  used.  This  floor  con¬ 
sisted  of  6  in.  by  8  in.  creosoted  ties,  on  top  of  which  was  laid 
3  in.  creosoted  plank,  then  a  layer  of  tarred  cloth  and  l/%  in.  of 
hot  pitch  specified,  on  top  of  which  4  in.  blocks  were  to  be  laid. 
Owing  to  the  lateness  of  the  season  the  contractor  used  an  aver¬ 
age  of  nearly  in.  of  pitch.  It  was  believed  that  the  hot  summer 
months  would  cause  all  the  blocks  to  come  to  a  hard,  even  bearing. 

The  following  summer,  being  rather  cold,  the  blocks  failed 
to  settle  evenly.  The  center  of  the  floor  was  packed  down  more 
than  the  sides,  thus  leaving  a  trough  which  collected  pools  of 
water  after  every  rain.  On  the  Ford  City  Bridge,  consisting  of 
two  flanking  spans  275  ft.  each  and  one  channel  span  400  ft.  long, 
the  first  span  on  the  right-hand,  or  west,  side  of  the  river  and 
the  channel  span  are  level ;  the  last  span  on  the  east  approach  of 
the  bridge,  or  left-hand  side,  has  a  grade  of  3  percent.  The 
trouble  has  been  on  the  level  spans  only,  as  no  water  and  no 
accumulation  remains  on  the  span  that  was  on  a  grade.  This 
fact  leads  to  a  very  simple  remedy  for  mistakes  of  this  character, 
namely,  either  put  the  bridge  on  a  grade  of  not  less  than  2  per¬ 
cent,  or  if  that  cannot  be  obtained,  throw  a  curvature  into  the 
floor  at  right  angles  to  the  longitudinal  axis  of  the  structure. 

In  placing  floors  of  this  character  it  is  very  important  to 
make  the  floor  waterproof,  which  would  not  be  obtained  in  the 
author’s  design,  above  mentioned,  unless  the  plank  underneath  the 
blocks  were  tongued  and  grooved,  as  he  suggests  a  Y  ‘m-  0 f  pitch 
on  the  plank,  which  in  extreme  hot  weather  would  simply  run 
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through  the  plank  as  ordinarily  laid.  If,  however,  tarred  cloth 
(not  tarred  paper),  which  can  be  obtained  at  a  slight  additional 
cost,  is  covered  by  about  l/$  in.  of  hot  pitch,  and  the  blocks  laid 
upon  this  surface  in  seasonable  weather  (not  freezing  weather), 
then  the  metal  under  the  floor  will  be  protected  from  water  as  it 
should  be  and,  by  proper  arrangement  of  scuppers,  drainage  will 
be  carried  through  below  the  metal  underneath. 

There  also  appears  to  be  nothing  said  regarding  the  blocks 
creeping.  It  has  been  the  writer’s  experience  that  unless  the 
blocks  are  held  in  some  way  they  will  creep  under  travel.  1'his 
is  especially  true  on  grades  under  heavy  traffic.  To  obviate  this 
trouble  a  small  angle  should  be  spiked  to  the  planking  over  each 
panel  point  with  one  leg  vertical,  thus  serving  as  a  spacer  and 
stay. 

In  creosoted  floors  where  provision  is  made  for  street  car 
rails,  the  writer  has  found  it  adds  greatly  to  the  life  of  the  tie 
to  bore  holes  and  use  screw  bolts  for  fastening  the  rails  down. 
These  screw  holes  are  bored  before  creosoting,  thus  permitting 
the  ties  to  be  creosoted  around  the  screw  holes.  If  spikes  are 
used  the  fiber  of  the  tie  is  destroyed  and  a  hole  is  made  through 
the  treated  part  of  the  ties,  thus  allowing  moisture  to  get  into  the 
heart,  which  is  seldom  penetrated  by  treating  processes,  and  dry 
rot  sets  in. 

In  the  list  of  wearing  surfaces,  the  author  of  this  evening’s 
paper  has  omitted  concrete.  The  writer  has  successfully  used 
this  on  different  occasions  with  success.  In  this  construction,  the 
floor  is  composed  of  a  reinforced  concrete  slab  resting  directly 
on  the  steel  stringers.  The  wearing  surface  has  grooves  running 
from  curb  to  curb  at  right  angles  to  the  longitudinal  axis  of  the 
bridge.  These  grooves  are  triangular  in  shape,  about  ?4  in.  deep 
and  spaced  from  3  in.  to  4  in.  apart. 

Expansion  points  should  be  provided  in  the  reinforced  con¬ 
crete  slab  over  the  center  of  each  floor  beam.  1  he  simplest  and 
most  effectual  method  used  has  been  that  of  sprinkling  about  a 
handful  of  dry  sand  against  the  green  face  of  the  finished  con¬ 
crete  in  the  slab  at  each  panel  point,  immediately  after  which  the 
fresh  concrete  for  the  next  section  or  panel  is  allowed  to  go  up 
against  the  portion  that  has  just  been  finished.  It  is  found  in 
practice  that  such  a  joint  will  amount  to  a  very  slight  weather 
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crack,  too  small  to  be  noticeable  after  travel  has  begun,  but 
enough  to  provide  expansion  and  contraction,  which  otherwise 
will  establish  itself  at  irregular  distances  diagonally  across  the 
work,  whereas  the  method  above  described  will  produce  a  weather 
crack  in  a  true  line  over  the  center  of  the  beam.  By  making 
an  expansion  joint  of  this  kind  the  question  of  having  bituminous 
pitch  or  other  material  is  eliminated,  and  the  work  made  far 
simpler  by  using  it. 

Dr.  R.  P.  Davis:*  I  wish  to  express  to  Professor  Spofford 
my  appreciation  of  his  valuable  contribution  to  the  subject  of 
highway  bridge  floors.  The  paper  is  a  timely  one  and  contains 
much  of  interest  and  of  value  to  the  bridge  engineer. 

I  fully  agree  with  Mr.  Morse  that  the  reinforced-concrete 
floor  is  the  ideal  type  for  short-span  structures.  In  first  cost  it 
will  compare  favorably  with  other  types ;  it  is  permanent,  and  it 
is  easily  placed.  The  only  objection  to  it  is  that  because  of  its 
very  considerable  dead  weight  it  necessitates  a  heavier  super¬ 
structure  than  most  other  types  of  floors.  However,  in  many 
cases,  the  extra  amount  of  metal  is  not  very  great,  as  the  sections 
of  members  of  short  bridges  are  determined  more  by  good  prac¬ 
tice  with  reference  to  minimum  sizes  of  structural  shapes  and 
minimum  thicknesses  rather  than  by  the  stresses  in  the  members. 
It  is  also  true  that  the  greater  stiffness  of  the  bridge,  due  to  the 
monolithic  floor  and  to  the  somewhat  larger  amount  of  metal, 
makes  a  more  enduring  bridge. 

Professor  Spofford  touches  upon  a  subject  in  which  we  are 
all  interested,  namely,  the  distribution  of  concentrated  loads.  The 
distribution  of  such  loads  over  floor  slabs  and  joists  and  through 
fills  is  not  susceptible  of  a  rigid  mathematical  analysis,  and  so 
this  knowledge  must  come  largely  by  experimental  work. 

Evidently  no  specifications  are  complete  by  the  use  of  which 
two  designers  may  arrive  at  entirely  different  results,  and  yet 
this  is  a  fault  of  at  least  seventy-five  percent  of  highway-bridge 
specifications  of  the  present  day.  No  matter  how  well  the  re¬ 
quired  loading  may  be  set  forth,  the  method  of  stress  analysis 
outlined,  or  the  allowable  unit  stresses  given,  unless  the  assumed 
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distribution  of  wheel  loads  is  given  the  specifications  are  in¬ 
complete. 

In  going  over  at  random  eighteen  sets  of  specifications  issued 
by  state  highway  departments,  consulting  engineers,  and  text¬ 
book  writers,  the  writer  found  that  only  four  cover  at  all  ade¬ 
quately  the  question  of  concentrated  load  distribution. 

Those  issued  by  the  Iowa  State  Highway  Commission  are 
among  the  best  from  the  point  of  view  of  clarity  and  of  definite¬ 
ness.  Their  Class  A  floors  are  designed  for  a  15-ton  traction 
engine  load  on  two  axles,  11-feet  centers,  with  two-thirds  of  the 
load  on  the  rear  axle,  the  wheels  of  which  are  each  22-inches 

wide  and  spaced  6-feet  centers. 

On  reinforced-concrete  slabs  less  than  12-inches  thick  the 
wheel  load  is  assumed  to  be  distributed  over  a  distance  of  four 
feet  longitudinally  and  four  feet  transversely,  while  for  thick¬ 
nesses  of  12-inches  and  over  the  assumed  distribution  is  five  feet 
longitudinally  and  six  feet  transversely.  For  concrete  floors  on 
steel  joists,  one-third  of  a  wheel  load  is  assumed  to  come  on  a 
joist.  On  earth  fills  exceeding  twelve  inches  in  depth  the  load 
is  assumed  to  spread  out  on  a  slope  of  one-half  horizontally  to 
one  vertically  in  all  directions.  For  fills  less  than  t\\cl\e  inches 
in  depth  no  distribution  is  assumed. 

The  Illinois  State  Highway  Department  specifications  for 
concrete  bridges  call  for  an  equivalent  uniform  load  consisting  of 
525  lb.  per  sq.  ft.  over  a  transverse  distance  of  sixteen  feet  and 
a  longitudinal  distance  of  three  feet  ten  inches  for  the  rear  axle 
load,  and  263  lb.  per  sq.  ft.  over  the  same  area  for  the  front  axle, 

the  axles  being  ten  feet  center  to  center. 

For  steel  bridges  the  same  specifications  call  for  a  uniform 
live  load  of  1440  lb.  per  sq.  ft.  of  slab,  this  being  based  on  a  load 
of  15  tons,  supported  on  two  axles  ten  feet  center  to  center,  the 
rear  axle  carrying  ten  tons  and  the  front  axle  five  tons. 

For  longitudinal  stringers  the  maximum  allowable  spacing 
is  two  and  one-half  feet  centers,  and  each  stringer  must  be  de¬ 
signed  to  carry  not  less  than  twenty  percent  of  the  rear  axle  load, 
considered  as  concentrated  at  the  center  of  the  stringer  span. 

For  transverse  stringers  spaced  not  more  than  two  and  one- 
half  feet  centers,  each  stringer  must  be  designed  to  carry  not  less 
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than  forty  percent  of  the  rear  axle  load,  considered  as  uniformly 
distributed  over  the  middle  ten  feet  of  the  stringer.  The  above 
is  based  on  the  use  of  reinforced-concrete  slabs. 

Quoting  from  the  specifications  of  the  Department  of  Public 
Roads  of  Kentucky : 

“In  considering  the  concentrated  load  produced  by  a  15-ton 
traction  engine  for  concrete  floors  protected  by  a  wearing  sur¬ 
face,  each  wheel  shall  be  assumed  distributed  as  follows :  Four 
feet  in  the  direction  of  traffic  and  five  feet  at  right  angles  to  that 
direction. 

“For  wooden  floors  at  least  three  inches  thick,  the  distribu¬ 
tion  in  the  direction  of  traffic  shall  be  neglected  in  designing  the 
joists,  and  the  distribution  at  right  angles  to  the  direction  of 
traffic  shall  be  taken  as  five  feet.” 

Plank  floors  are  rapidly  going  out  of  favor  in  most  places,  as 
it  is  becoming  more  and  more  evident  that  they  are  not  econom¬ 
ical.  For  this  reason  little  attention  is  now  being  given  them  in 
the  more  usual  highway  bridge  specifications.  Where  plank  floors 
and  wooden  joists  are  used  it  is  commonly  specified  that  the 
joists  shall  not  be  spaced  over  two  and  one-half  feet  center  to 
center  nor  more  than  twelve  times  the  thickness  of  the  planking. 
Concentrated  wheel  loads  are  usually  assumed  to  be  distributed 
equally  over  two  joists. 

Where  steel  joists  are  used  Ketchum1  specifies  a  maximum 
spacing  of  three  feet  center  to  center,  with  a  floor  plank  thick¬ 
ness  of  not  less  than  one-twefth  the  span.  Where  the  joists  have 
a  spacing  of  two-feet  centers,  the  load  is  distributed  equally  over 
two  joists,  and  where  the  spacing  is  over  two  feet,  two-thirds  of 
the  load  is  assumed  to  go  to  one  joist. 

It  is  evident  that  a  concentrated  load  on  a  reinforced-concrete 
slab  will  be  spread  out  across  the  slab,  the  maximum  stress  from 
the  same  occurring  under  the  load  and  thence  decreasing  to  zero 
at  some  point  if  the  slab  is  of  indefinite  width.  The  effective 
width  of  a  slab  is  that  width  such  that  if  the  load  were  uniformly 
distributed  across  the  slab  the  maximum  stress  would  be  the  same 
as  with  the  concentrated  load. 

Rather  elaborate  tests  have  recently  been  made  and  results 
published  by  the  Ohio  State  Highway  Department2,  in  collabora- 

1Design  of  Highway  Bridges,  Milo  S.  Ketchum. 
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tion  with  the  Ohio  State  University.  The  slabs  were  from  1  to  7 
inches  thick,  SJ/2,  5  and  7  feet  long  center  to  center  of  supports, 
and  for  the  most  part  3l/2,  5,  7  and  10  feet  wide.  There  was  1.04 
percent  of  longitudinal  reinforcement  placed  1  inch  above  the 
bottom.  The  transverse  reinforcement  varied  from  0.20  to  0.78 
percent.  The  load  was  placed  at  the  center  of  the  slab  and  was 
transmitted  through  a  paving  brick  having  its  length  at  right 
angles  to  the  longitudinal  axis  of  the  slab. 

The  tests  seemed  to  show  that  the  effective  width  was  af¬ 
fected  but  slightly  by  the  percentage  of  transverse  reinforcement, 
that  the  same  decreased  somewhat  with  the  increase  in  load  and 
that,  based  on  its  percentage  of  the  span,  it  decreased  as  the  span 
increased. 

Curves  plotted  to  show  the  deflection  at  points  across  the 
slab,  as  well  as  the  curves  showing  the  variation  in  the  deforma¬ 
tion  of  the  longitudinal  reinforcement  and  in  the  deformation  of 
the  fibers  of  the  concrete  at  the  top  of  the  slab,  resemble  the  de¬ 
flection  curve  of  a  beam  with  fixed  ends  having  a  downward  con¬ 
centrated  load  at  the  center  and  an  upward  distributed  load, 
varying  from  a  maximum  at  the  center  to  zero  at  the  ends,  the 
total  upward  and  downward  loads  being  equal. 

Using  the  equation  of  this  curve,  together  with  data  from  the 
tests,  it  appears  that  the  width  of  load  distribution  is,  when  5  is 
the  span  in  feet, 

1-1/3  5  +  4  feet 

and  that  the  effective  width  is  given  by  the  equation 

e  —  0.6  5  +  1.7  feet 

when  the  total  width  of  slab  is  equal  to  or  greater  than 

1  +2  5  +  4  feet. 

Where  the  width  of  slab  is  less  than 

1-1/3  5  +  4  feet 

the  effective  width  will  be  less  than  given  by  the  above  equation. 
However,  so  small  a  part  of  the  load  is  carried  by  that  part  of 
the  slab  near  the  edges  that  if  the  above  formula  for  the  effective 
width  be  used  where  the  total  width  of  slab  is  only 

0.9  5  +  2.5  feet 

an  error  of  less  than  five  percent  will  result. 
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As  these  tests  were  made  on  an  actual  width  of  load  bearing 
of  about  nine  inches,  when  we  design  for  a  traction  engine  or 
road  roller  load  the  effective  width  will  differ  somewhat. 


Use  curve  ABD  when  axle  load  is  across  the  slab. 

Use  curve  ABC  when  only  one  wheel  load  is  on  the  slab  or  when 
the  axle  load  is  along  the  span. 

For  curve  ABC  add  1-foot  to  effective  width  when  wheel  is  across 
the  slab,  and  subtract  6-inches  when  wheel  is  along  the  slab. 

Where  the  width  of  slab  is  less  than  required  by  the  span  of  same 
use  effective  width  based  on  span  corresponding  to  width  of  slab. 

The  curve  ABC,  Fig.  28,  shows  the  effective  width  for  a 
single  load  for  varying  spans,  while  the  notes  qualify  the  values 
somewhat.  These  notes  assume  a  traction  engine  having  a  wheel 
width  of  about  twenty-one  inches.  Evidently  when  the  span  of 
the  slab  is  at  right  angles  to  the  axis  of  the  bridge  the  width  of 
wheel  bearing  will  be  only  an  inch  or  two. 

Evidently  when  an  axle  load,  comprising  two  wheel  loads, 
comes  on  one  slab,  the  curve  ABC  must  be  modified.  For  this 
case  ABD  should  be  used.  The  writer  believes  that  these  curves 
may  be  used  with  confidence. 

Interesting  experimental  work  has  also  been  done  by  the 
Ohio  State  Highway  Department  on  the  distribution  of  concen- 
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trated  loads  over  floor  joists,  both  on  laboratory  specimens  and 
on  an  actual  bridge. 

The  laboratory  tests  were  made  on  three  10-inch,  25-pound 
I-beams  spaced  3'/2  ft.  center  to  center,  surmounted  by  a  rein- 
forced-concrete  slab  8-feet  wide  and  5-feet  long.  1  he  slabs 
varied  in  thickness  from  six  to  eight  inches.  1  he  load,  which 
was  carried  to  the  floor  through  a  paving  brick,  was  placed  o\er 
the  center  of  the  middle  beam.  1  he  results  of  the  tests  showed 
that  in  the  case  of  the  six-inch  slabs  about  one-half  of  the  load 
went  to  the  joist  under  the  load,  and  in  the  case  of  the  eight- 
inch  slabs  only  about  one-third  went  to  this  joist.  Howe\er,  in 
actual  construction  the  siN-inch  thickness  would  usually  be  used 
with  the  Sy2  ft.  span.  The  tests  also  showed  that  the  load  was 
more  or  less  uniformly  distributed  over  the  5-foot  length  of 

slab  when  it  came  on  the  joists. 

The  bridge  on  which  tests  were  made  had  ten  panels  each 
20 y  ft.  long,  with  a  roadway  18  ft.  wide  between  curbs.  The 
floor  consisted  of  creosoted  wood  blocks  resting  on  a  rein  forced- 
concrete  slab  0]/2  in.  thick  at  the  center  and  4^  in.  thick  at  the 
sides.  The  joists  were  composed  of  15-inch,  42-pound  I-beams 
riveted  into  the  floor  beams  and  spaced  3  y2  ft.  center  to  center. 
The  load  was  applied  through  a  paving  brick  placed  over  the 

center  of  a  joist. 

In  the  case  where  the  load  was  over  the  center  of  the  joist 
nearest  the  middle  of  the  roadway,  about  30  percent  of  the  load 
went  to  this  joist.  On  this  basis,  the  maximum  load  coming  to 
one  joist  from  an  axle  load  would  be  approximately  one-half  of 
the  wheel  load. 

In  these  tests  the  fiber  deformations  of  the  joists  corre¬ 
sponded  rather  to  a  uniform  distribution  of  load  than  to  a  con- 
centrated  load.  This  was  due,  at  least  in  part,  to  the  fact  that  the 
ends  of  the  joists  were  partially  fixed  by  being  riveted  into  the 
floor  beams.  It  may  also  have  been  due  to  the  slab  acting  with 
the  joist  to  form  a  T-beam. 

From  the  above  it  is  evident  that  for  longitudinal  joists 
spaced  about  Sl/2  ft.  apart  each  joist  should  be  designed  for  about 
one-half  of  a  wheel  load.  Where  the  ends  of  the  joists  are  free 
the  load  should  be  considered  as  distributed  over  a  length  equal 
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to  the  effective  width  of  the  slab,  while  if  the  ends  are  riveted 
into  the  floor-beams  a  bending  moment  co-efficient  of  one-sixth, 
instead  of  one-fourth,  should  be  sufficiently  conservative.  W  here 
joists  are  over  four  feet  center  to  center  not  less  than  two-thirds 
of  a  wheel  load  should  be  considered  as  going  to  one  joist. 

Mr.  N.  S.  Sprague:*  The  subject  presented  by  Professor 
Spofford  should  be  of  more  than  passing  interest  to  bridge  engi¬ 
neers,  public  officials  and  others  who  are  charged  with  the  design, 
control  and  management  of  highway  bridges.  The  requirements 
of  loading  as  they  are  now  presented  by  the  transition  from  the 
horse-drawn  vehicle  to  the  motor  truck  demand  the  most  careful 
consideration,  and  as  it  is  essentially  an  economic  question  the 
time  has  arrived,  in  the  speaker’s  opinion,  for  legislative  enact¬ 
ment  regulating  the  weight  of  loads  which  it  is  permissible  to 
carry  over  the  public  streets  and  highway  bridges. 

Bridge  engineers  and  bridge  companies  have  adopted  certain 
standards  of  loading  for  highway  bridges,  but  these  standards  of 
loading,  or  in  other  words,  the  safe  load  which  can  be  carried  or 
supported  by  a  bridge  is  generally  unknown  to  the  individuals 
using  the  structure  and,  except  perhaps  in  cases  of  privately 
owned  bridges  and  possibly  in  some  cities,  there  are  no  laws  gov¬ 
erning  the  weight  of  loads  which  may  be  transported  through  city 
streets  and  over  highway  bridges.  The  only  reason  why  accidents 
have  not  more  frequently  occurred  from  the  improper  use  of 
bridges  due  to  the  transportation  of  these  excessive  loads  is  more 
on  account  of  good  fortune  than  the  adoption  of  precautionary 
measures.  The  speaker  knows  of  one  instance  where  a  15-ton 
road  roller  was  taken  across  an  old  wrought  iron  viaduct,  built 
in  1872,  just  previous  to  the  removal  of  the  structure  on  account 
of  its  being  unsafe  for  traffic.  At  the  time  the  road  roller  crossed 
the  bridge  the  structure  was  then  50  years  old  and  when  one  of 
the  main  truss  spans  was  removed  from  its  supports  the  truss 
which  was  supported  at  either  end  collapsed  of  its  own  weight. 
Notwithstanding  this  fact,  the  roller  made  a  safe  passage  over 
the  bridge.  This  is  one  instance  in  which  the  speaker  has  per¬ 
sonal  knowledge  of  a  total  disregard  of  the  proper  use  of  highway 
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bridges  for  carrying  excessive  loads,  and  there  are  doubtless 
many  such  instances,  although  perhaps  not  so  aggravated,  occur¬ 
ring  frequently. 

It  is  all  very  well  for  public  service  commissions,  cities  and 
bridge  companies  to  adopt  certain  standards  of  loading  for  the 
design  of  highway  bridges,  but  it  is  equally  important  that  after 
these  structures  are  erected  their  use  should  be  controlled  to  pre¬ 
vent  accidents,  damage  to  property  and  the  loss  of  lives.  The 
design  of  any  highway  bridge  should  be  based  upon  the  ordinary 
requirements  of  traffic  with  respect  to  loading,  providing  a  rea¬ 
sonable  allowance  for  the  future  development  of  traffic,  but  the 
structure  should  not  be  designed  for  the  unusual  and  extraor¬ 
dinary  load.  Highway  bridges  are  generally  built  at  the  public 
expense,  and  it  is  unreasonable  to  require  that  these  structures 
be  designed  for  extraordinary  loads  and  the  public  burdened  with 
the  extra  cost  incurred  so  as  to  make  it  possible  to  transport  a 
load  of  excessive  weight  through  the  public  streets  and  over  the 
highway  bridges. 

The  highway  bridges  should  be  designed  for  the  usual  ordi¬ 
nary  and  reasonable  traffic,  and  the  loads  which  are  permitted  to 
cross  these  structures  should  be  regulated  to  meet  these  condi¬ 
tions.  There  is  no  logic  or  argument  which  can  justify  the  de¬ 
sign  of  a  highway  bridge,  and  the  consequent  expense  entailed 
upon  the  public,  to  meet  an  extraordinary  excessive  load  which 
someone  may  possibly  wish  to  carry  across  the  structure.  In 
other  words,  the  loads  which  are  permitted  to  use  a  highway 
bridge,  of  course  within  the  bounds  of  reason,  should  be  made  to 
conform  with  the  design  of  the  bridge,  and  not  make  the  bridge 
conform  to  the  requirements  of  excessive  and  extraordinary 
loads.  The  speaker  was  much  impressed  with  some  of  the  loads 
carried  by  horse-drawn  vehicles,  as  mentioned  in  Professor  Spof- 
ford’s  paper,  and  the  writer  ventures  the  opinion  that  the  trans¬ 
portation  of  these  excessive  loads  over  city  streets  and  bridges 
would  be  found  unnecessary  upon  investigation  and  that  other, 
although  perhaps  more  expensive,  means  of  transportation  could 
be  found,  if  required.  Certainly  there  is  no  justification  except 
from  a  selfish  pecuniary  interest  for  the  hauling  of  excessive 
loads  such  as  street  car  rails,  groceries,  etc.  T  he  element  of 
equity  should  not  be  lost  sight  of  in  considering  these  matters. 
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Many  communities  require  from  street  car  transportation 
companies  a  revenue  in  some  form  for  the  maintenance  of  street 
pavements  and  highway  bridges  whereon  cars  are  operated,  and 
under  such  conditions  there  is  a  return  compensating  the  commu¬ 
nity  in  some  measure  for  the  extra  investment  made  necessary  to 
provide  for  the  operation  of  street  cars;  but  even  if  there  was  no 
revenue  derived  from  this  source,  there  would  still  be  more 
justification  and  equity  in  making  a  public  outlay  for  the  construc¬ 
tion  of  a  bridge  over  and  above  that  required  by  the  actual  needs 
of  the  ordinary  vehicle  traffic  on  account  of  the  nature  and  ne¬ 
cessity,  as  a  matter  of  public  benefit  and  convenience,  of  the 
services  rendered  by  a  street  car  transportation  company  to  the 
general  public.  On  the  other  hand,  there  is  no  public  benefit 
derived  by  the  transportation  of  extraordinary  loads  over  the 
public  highways  and  bridges,  but,  on  the  contrary,  much  damage 
is  done.  Therefore,  the  enactment  of  stringent  regulations  re¬ 
garding  the  transportation  of  excessive  loads  would  be  in  the 
interest  of  the  public  good  and  would  place  the  burden  of  what¬ 
ever  expense  is  entailed  where  it  properly  belongs. 

The  width  of  roadway  and  character  of  pavement  are  ele¬ 
ments  in  the  design  of  bridges  which  must  receive  first  consid¬ 
eration.  Generally  speaking,  the  width  of  a  highway  bridge  in 
cities  and  upon  heavily  traveled  country  roads  should  be  the  full 
width  of  the  street.  In  the  past,  bridges  have  frequently  been 
made  of  less  width  than  the  connecting  street,  which  has  led  to 
congestion  of  traffic  and  been  the  cause  of  many  accidents.  High¬ 
way  bridges  which  are  subjected  to  intensive  traffic  should  have 
sufficient  width  of  roadway  to  prevent  the  “tracking”  of  vehicles, 
or  at  least  to  make  it  unnecessary,  and  thus  secure  a  dispersion  of 
the  traffic  over  the  entire  width  of  roadway.  There  is  no  form  of 
pavement  with  which  the  writer  is  familiar  which  can  withstand 
the  continual  wear  incident  to  traffic  following  along  in  the  same 
ruts.  In  many  cases  the  speaker  believes  that  the  ends  of  econ¬ 
omy  will  be  better  served  by  increasing  the  initial  cost  of  a  bridge 
in  order  to  secure  less  maintenance  charges  for  the  up-keep  of  the 
roadway  pavement.  The  liability  of  accidents  incident  to  excessive 
wear  on  the  pavement,  the  congestion  of  traffic  and  the  incon¬ 
venience  and  delay  suffered  by  the  public  due  to  constant  repairs 
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to  the  roadway,  are  all  matters  of  vital  consideration  in  the  deter¬ 
mination  of  the  width  of  a  highway  bridge.  A  liberal  width  of 
roadway  will  invite  traffic,  and  a  narrow  width  of  roadway  will 
repel  traffic.  In  the  case  of  long  bridges  there  is  frequently  much 
less  pedestrian  traffic  than  on  short  bridges,  and  if  economy  is  nec¬ 
essary  the  sidewalks  can  be  made  narrower  than  on  the  connecting 
street  and  still  be  adequate  for  needs  of  pedestrian  traffic.  More¬ 
over,  on  account  of  the  absence  of  stores  and  buildings  abutting 
the  bridge  less  width  of  sidewalk  is  required  than  for  a  street, 
there  being  no  congestion  or  obstruction  to  the  walks.  The  same 
principle  of  reasoning  applies  also  to  the  roadway,  but  as  the  ratio 
of  increase  in  the  vehicle  traffic  is  greater  than  for  foot  traffic,  the 
sacrifice  in  width,  if  any,  should  be  made  upon  the  sidewalks. 

The  selection  of  the  type  of  pavement  for  the  roadway  of  a 
highway  bridge  is  determined  by  the  locality,  traffic,  kind  of 
bridge,  cost  of  maintenance  and  funds  available.  As  most  of  the 
bridges  in  the  city  of  Boston  and  vicinity  are  over  navigable 
streams,  draw  spans  are  required,  and  this  type  of  structure  is 
much  more  expensive  than  fixed  spans,  which  probably  accounts 
for  the  preference  expressed  by  the  author  of  the  paper  for,  and 
the  adoption  by  the  cities  of  Boston  and  New  York  of,  timber 
flooring  consisting  of  ties  and  planking.  Many  bridges  were  built 
in  the  City  of  Pittsburgh  in  years  past  with  this  type  of  floor,  but, 
of  course,  the  timber,  used  at  that  time  was  untreated  and  de¬ 
cayed  in  the  course  of  time,  so  that  the  roadways  of  a  number  of 
bridges  had  to  be  rebuilt  at  considerable  expense.  In  the  recon¬ 
struction  of  these  roadways,  steel  beams  were  substituted  for 
wood  and  permanent  sidewalks  of  concrete  were  used  and  the 
roadways  paved  with  creosoted  wood  block  pavement. 

Even  with  the  use  of  creosoted  timber,  which  will  increase 
its  life,  the  speaker  believes  that  the  use  of  such  material  is  of 
doubtful  expediency  in  the  design  of  a  new  bridge  unless  the 
balance  which  is  drawn  between  the  initial  outlay  capitalized  for 
the  life  of  the  bridge,  and  the  cost  of  maintenance  and  upkeep 
for  a  plank  and  timber  floor,  shows  a  decided  advantage  in  favor 
of  such  a  type  of  construction.  Aside  from  the  financial  aspect 
of  the  problem,  there  must  be  considered  the  consequent  interfer¬ 
ence  and  delay  to  traffic  resulting  from  frequent  repairs.  Another 
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consideration  operating  against  the  adoption  of  a  timber  roadway 
and  planking  with  creosoted  pavement  laid  thereon  is  the  element 
of  danger  from  fire.  There  was  a  recent  example  of  the  effect  of 
fire  upon  a  steel  structure  with  this  type  of  roadway  construction. 
The  timber  planking  affords  no  protection  whatsoever  in  case  of 
fire  and,  with  good  headway,  serious  damage  or  total  ruin  of  the 
bridge  is  inevitable.  The  speaker  believes  that  the  pavement  best 
suited  for  bridges  having  heavy  traffic  is  creosoted  wood  block, 
and  for  moderate  traffic,  sheet  asphalt  or  other  bituminous  ma¬ 
terial. 

I  am  somewhat  surprised  to  note  in  the  paper  presented  this 
evening  the  statement  that  the  “experience  in  Boston  would  indi¬ 
cate  that  it  is  undesirable  to  lay  wood  block  pavement  on  a  plank 
floor  or  on  other  hard-bearing  surface,  since  the  blocks  are  not 
uniform  in  thickness.”  The  tendency  abroad  is  to  lay  the  wood 
block  pavements  directly  upon  a  concrete  foundation,  without  any 
intervening  cushion.  This  manner  of  laying  wood  block  pave¬ 
ment  has  also  been  tried  to  some  extent  in  New  York  City  and 
also  in  Pittsburgh.  The  speaker’s  experience  with  this  type  of 
construction  has  proved  satisfactory  to  date.  The  following  is  a 
quotation  from  the  specifications  for  wood  block  pavement  for 
the  City  of  Liverpool,  England : 

“The  pavement  shall  consist  of  blocks  of  Baltic,  Swedish  or 
Canadian  Red  Pine,  thoroughly  seasoned,  sound  throughout  and  free 
from  sap,  shakes,  waney  edges  or  large  knots.  They  shall  be  9  inches 
long  by  3  inches  wide,  by  5  inches  deep,  the  depth  and  width  to  be 
absolutely  accurate.  They  shall  be  impregnated  with  creosote  oil  of 
approved  quality  to  the  extent  of  not  less  than  8  pounds  per  cubic  foot 
of  timber.  They  shall  be  laid  on  the  concrete  bed  without  any  inter¬ 
vening  layer,  in  regular,  straight  and  properly  bonded  courses  with 
close  joints.  The  channels  shall  be  formed  of  longitudinal  courses 
of  blocks,  which  shall  be  hand-dipped  end  and  side  in  a  hot  mixture 
of  pitch  and  creosote  oil,  and  an  expansion  joint  2  inches  wide  shall 
be  formed  along  the  curb,  and  filled  with  a  properly  tempered  mixture 
of  pitch  and  creosote  oil,  or  other  approved  material.  The  joints  of 
the  pavement  shall  be  grouted  first  with  a  hot  composition  of  pitch 
and  creosote  oil  and  afterwards  with  a  grouting  of  cement  and  sharp 
sand,  and  finally  covered  with  small  pea  gravel.” 
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The  cities  of  Vienna  and  Paris  have  a  specification  with 
respect  to  the  omission  of  the  sand  cushion  similar  to  that  of  the 
city  of  Liverpool. 

Where  bridges  cross  over  railroad  tracks,  and  particularly 
main  line  tracks,  and  where  the  head  room  is  scant,  it  is  of  vital 
importance  that  the  under  surface  of  the  structure  be  perma¬ 
nently  and  adequately  protected  from  the  effects  of  locomotive 
gases  and  sand-blast  action.  In  the  past  this  feature  of  design  has 
been  either  entirely  disregarded  or  inadequately  unprovided  for 
and  with  extremely  disastrous  results.  In  some  cases  deteriora¬ 
tion  has  progressed  to  such  an  extent  that  proper  repairs  were  im¬ 
possible,  necessitating  rebuilding.  In  other  cases  various  expedi¬ 
ents  were  resorted  to  with  generally  unsatisfactory  results. 

Mr.  V.  R.  Covell*  :  The  paper  by  Professor  Spofford  is 
timely  and  supplies  much  valuable  data.  The  floor  system  of  all 
highway  bridges  now  built  by  Allegheny  County  is  designed  to 
carry  single  truck  30-ton,  or  double  truck  50-ton  street  cars,  a 
15-ton  road  roller,  with  9-tons  on  the  rear  axle,  and  100  lb.  per 
sq.  ft.  on  the  clear  sidewalk  and  roadway.  While  this  type  of 
loading  is  not  liable  to  come  on  every  bridge,  there  are  few  sec¬ 
tions  of  the  county  where  heavy  loading  may  not  occur.  Many 
of  the  bridges  built  prior  to  1900  are  too  light  in  some  of  the 
details. 

Up  to  1903,  all  iron  and  steel  bridges  built  by  the  county  were 
floored  with  three-inch  white  oak  planks  on  white  oak  stringers. 
During  the  six  years,  1903-1908,  the  floors  were  paved  with 
asphalt  blocks  carried  on  buckle  plates  or  rein  forced-concrete 
slabs.  This  surface  has  worn  well.  Beginning  with  1909,  new 
bridges  have  been  designed  with  creosoted  wood  block  paving, 
except  in  the  case  of  a  740  ft.  viaduct,  where  vitrified  brick  were 
used.  For  the  past  six  years  bridges  that  have  required  the  re¬ 
newal  of  all  the  timber  have  been  refloored  with  creosoted  wood 
blocks  resting  on  creosoted  planks.  The  first  year  a  12  lb.  treat¬ 
ment  was  used  for  the  planks  and  16  lb.  for  the  blocks.  The  next 
three  years  this  was  changed  to  14  and  20  pounds,  respectively, 
and  for  the  past  two  years  all  material  has  been  treated  by  the 

•Deputy  County  Engineer,  Allegheny  County,  30S  Court  House.  Pitts¬ 
burgh. 
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open  cell  process,  leaving  a  residuum  of  4  to  6  pounds  of  oil  in 
the  lumber. 

With  reference  to  the  effective  width  of  reinforced-concrete 
slabs  under  concentrated  loads,  abstracts  of  interesting  papers 
have  appeared  as  follows :  “Engineering  Record,”  August  9th, 
1913  ;  “Engineering  News,”  July  30th,  1914,  and  “Engineering 
Record,”  November  6th,  1915. 

Doubt  has  sometimes  been  expressed  as  to  the  durability  of 
steel  and  buckle  plates  covered  with  concrete,  when  carrying  a 
pavement.  The  Sixth  Street  Bridge,  over  the  Allegheny  River,  was 
built  in  1893  with  stringers  about  3  ft.  9  in.  center  to  center,  sup¬ 
porting  5/16-inch  buckle  plates,  having  two-inch  rise  and  placed 
with  the  buckles  up.  The  street  car  rails  were  supported  on  thin 
plates  resting  directly  on  the  swell  of  the  buckles,  and  the  buckle 
plates  were  covered  with  from  4J4  in.  to  6J4  in.  of  gravel  con¬ 
crete.  The  original  paving  consisted  of  oak  blocks.  The  heavy 
street  car  traffic  caused  deflection  in  the  buckle  plates  and  the 
bridge  is  subject  to  considerable  vibration.  The  condition  of  the 
rail  joints  and  the  narrow  space  between  tracks  made  it  necessary 
this  year  to  renew  the  rails  and  place  them  over  the  stringers. 
To  do  this  the  concrete  was  removed  from  a  strip  about  20  feet 
wide  for  the  full  length  of  the  bridge,  and  the  buckle  plates  were 
found  to  be  in  fine  condition.  After  the  22  years  of  service  some 
plates  were  as  bright  as  though  they  had  just  come  from  the  mill 
and  none  were  badly  corroded.  A  thin  rust  film  was  formed 
while  the  plates  were  exposed,  but  it  seems  to  be  the  property  of 
concrete  to  remove  a  limited  amount  of  rust. 

Early  in  the  year  the  Sharpsburg  Bridge,  over  Allegheny 
River,  was  refloored.  The  “lug”  pattern  of  creosoted  wood 
blocks,  laid  on  creosoted  planks,  was  used,  except  on  the  8-percent 
grade  on  the  north  approach.  At  the  suggestion  of  the  con¬ 
tractor,  three  of  the  eight  lines  of  blocks  next  the  rails  were  laid 
parallel  to  the  rails  upon  the  assumption  that  they  would  wear 
better  and  be  less  liable  to  rise.  The  time  has  been  too  short  to 
determine  the  relative  wearing  properties,  but  a  recent  inspection 
showed  that,  while  an  occasional  block  with  the  end  against  the 
rail  had  worked  up,  there  seemed  to  be  no  such  tendency  with 
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those  laid  parallel  with  the  rails.  All  the  blocks  next  the  rails  on 
the  Sixth  Street  Bridge  were  laid  parallel  with  the  rails. 

One  of  the  serious  difficulties  in  connection  with  wood  block 
pavement  is  its  slipperiness  when  wet  or  frosty,  and  various 
methods  have  been  used  to  overcome  it.  We  have  laid  floors 
with  quarter-inch  spacing  strips,  one  inch  narrower  than  the  depth 
of  the  blocks  placed  between  the  rows  of  blocks,  the  open  joint 
being  filled  with  pitch.  Under  traffic  these  strips  work  up  to  the 
top  even  when  nailed  to  the  blocks.  Thirty  feet  of  “hillside” 
wood  blocks  were  used  on  one  side  of  the  roadway  on  the  8-per¬ 
cent  grade  of  the  Sharpsburg  Bridge.  These  blocks  have  one 
corner  beveled  like  hillside  bricks.  The  remainder  of  the  heavy 
grade  was  surfaced  with  oak  planks.  The  blocks  on  the  Fifth 
Avenue  Bridge,  over  the  Youghiogheny  River,  at  McKeesport, 
were  grooved  so  as  to  leave  an  open  joint  ^4-inch  wide  by  1-inch 
deep  between  the  rows  of  blocks.  1  his  method  is  cheaper  and 
better  than  the  spacing  strips.  On  the  Sixth  Street  Bridge  the 
blocks  were  grooved  ^4-inch  by  1-inch,  and  the  open  joint  was 
filled  with  stone  chips  as  large  as  could  be  swept  in,  but  from 
which  all  the  fine  material  had  been  screened.  I  he  joints  were 
then  filled  with  hot  paving  pitch.  It  is  thought  that  the  joint 
filling  will  support  the  edges  of  the  blocks  and  that  the  surface 
will  afford  a  foothold  for  the  horses.  T  hus  far  these  three  floors 
are  giving  good  satisfaction,  but  they  have  not  been  tested  during 
bad  weather  conditions. 

On  some  of  the  floors  with  blocks  laid  on  planks  there  has 
been  marked  tendency  to  creep  under  traffic.  1  his  is  particularly 
noticeable  on  the  south  span  of  the  Thirtieth  Street  Bridge,  over 
the  Allegheny  River,  where  the  grade  is  5.2-percent.  1  he  blocks 
have  crept  up  grade  on  one  side  and  down  grade  on  the  other  side 
with  the  traffic.  This  has  been  overcome  on  later  jobs  bv  using 
retaining  angles  screwed  to  the  planks  between  the  rows  of  blocks 
at  intervals  from  ten  to  thirty  feet,  depending  on  the  grade. 

In  the  “Engineering  Record”  of  March  11,  1911,  and  April 
12,  1914,  are  descriptions  of  the  methods  used  in  St.  Louis  to 
overcome  slipperiness.  In  Baltimore  the  hot  oil  and  sand  were 
replaced  with  hot  coal  tar  and  stone  chips.  Both  methods  are  said 
to  be  effective. 
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Mr.  Samuel  E.  Duff:*  I  have  not  had  opportunity  to  get 
together  any  useful  data,  but  there  are  some  things  I  would  like 
to  speak  about.  Within  the  last  six  months  I  gathered  informa¬ 
tion  regarding  the  loads  from  automobile  trucks  similar  to  the 
data  Professor  Spofford  has  presented  and  for  exactly  the  same 
reason.  I  believed  such  loads  were  far  greater  than  they  turned 
out  to  be,  and  agree  exactly  with  his  results  in  that  particular,  but 
I  question  a  little  the  matter  of  impact.  Professor  Spofford  has 
not  discussed  this  very  much,  but  has  mentioned  the  impact 
factor  used  in  New  York,  Boston  and  Philadelphia.  My  atten¬ 
tion  has  lately  been  attracted  to  the  effect  of  motor  trucks  on 
bridges  having  ordinary  plank  floors  such  as  we  have  in  this  coun¬ 
try — planks  laid  at  right  angles  with  the  bridge.  The  vibration  of 
such  bridges  under  motor  trucks  is  very  excessive.  I  thought 
at  first  that  it  was  caused  by  the  roughness  of  the  floor,  but  I  had 
opportunity  not  long  ago  to  examine  a  bridge  with  a  smooth  wood 
block  paving  and  found  that  heavy  motor  trucks,  six  to  seven 
tons  paying  load,  caused  a  very  marked  transverse  movement  of 
the  floor,  apparently  a  twisting  of  the  floor  which  seemed  to  come 
from  a  combination  of  the  vibratory  effect  of  the  truck  machinery 
and  the  fact  that  the  tractive  wheels,  the  rear  wheels,  did  not  take 
hold  of  the  pavement  simultaneously.  This  undoubtedly  had 
considerable  effect  upon  the  floor  system  and  the  bending  mo¬ 
ments  in  the  posts  below  the  cross  bracing. 

I  think  this  matter  should  be  considered  very  seriously,  espe¬ 
cially  since  the  speed  of  the  trucks  is  not  decreasing,  though  it  is 
correct,  as  stated  in  the  paper,  that  the  maximum  size  of  trucks 
has  probably  been  reached.  As  Professor  Spofford  said,  the 
manufacturers  state  there  is  no  call  for  trucks  above  six  to  seven 
tons  paying  load. 

Another  thing,  perhaps  outside  the  subject,  on  which  stress 
ought  to  be  laid,  is  the  necessity  of  the  exact  dimensioning  of  the 
woodwork,  because  the  amount  of  wear,  whether  due  to  the 
movement  of  loads  over  the  pavement  or  to  the  decay  from 
water  working  down  through  the  floor,  is  affected  greatly  by 
the  fit  of  the  woodwork  and  the  tightness  of  the  bearing  of  the 
different  parts  of  the  whole  pavement.  Unless  this  point  is 

•Consulting  Engineer,  Empire  Building,  Pittsburgh. 
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looked  after  in  the  specifications  and  by  careful  inspection,  poor 
results  are  attained. 

Another  thing  I  wish  to  mention  is  the  paving  along  street 
railway  tracks  on  bridge  floors.  The  real  source  of  the  trouble, 

I  think,  is  the  fact  that  the  street  car  wheel  passing  over  the  rail 
causes  a  deflection  of  the  rail  between  supports,  where  it  is  inter¬ 
mittently  supported  and  the  blocks,  not  being  acted  upon  by  any 
load  at  the  same  time,  do  not  deflect.  I  he  result  is  a  separation 
of  the  rail  from  the  blocks  and  the  likelihood  of  the  blocks  work¬ 
ing  up,  as  the  paper  clearly  brings  out.  A  very  large  traction 
company  in  this  neighborhood  has  had  so  much  trouble  of  this 
kind  that  the  general  manager  insists  upon  a  provision  which  he 
has  found  to  be  most  satisfactory,  if  not  altogether  scientific.  He 
places  under  the  rail  a  continuous  wooden  stringer,  8  in.  by  10 
in.,  supported  by  a  steel  trough,  and  spikes  the  rail  to  the  stringer, 
the  idea  being  to  prevent  excessive  deflection  of  the  rail  and  stop¬ 
ping  the  trouble,  which  occurs  either  where  cross  ties  are  used 
with  the  ordinary  spacing  or  where  steel  chairs  are  used. 

Nothing  has  been  said  of  the  old  style  plank  floors,  which 
are  still  very  common  in  the  country  districts,  and  even  in  Pitts¬ 
burgh.  They  are  nearly  always  made  of  planks  laid  at  right 
angles  to  the  axis  of  the  bridge.  Once  in  a  while  the  planks  are 
laid  parallel  to  the  direction  of  traffic.  After  a  great  many  years’ 
experience  farther  west,  where  they  do  not  have  money  enough 
for  anything  else,  I  find  that  planks  laid  parallel  to  the  direction 
of  traffic  will  outlast  those  laid  at  right  angles  to  the  axis  of  the 
bridge. 

Mr.  T.  J.  Wilkerson  :*  The  writer,  having  had  a  number 
of  years’  active  experience  designing  both  railroad  and  highway 
bridges,  agrees  with  Professor  Spoftord  that  the  designing  of 
highway  bridges  is  a  much  more  complicated  problem  than  the 
designing  of  railroad  bridges;  especially  is  this  the  case  with  city 
bridges,  where  each  and  every  structure  must  be  specially  de¬ 
signed  for  its  particular  topography,  probable  loading  and  the 
aesthetic  appearance  required  for  its  location ;  while  with  railroad 

•Division  Engineer  of  Bridges,  Bureau  of  Engineering,  City  of  Pitts¬ 
burgh,  City  Hall,  Pittsburgh. 
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bridges  the  loading  is  the  same  for  an  entire  system  and  very  little 
attention  is  paid  to  its  aesthetics. 

Professor  Spofford  very  forcibly  emphasized  the  above  fact 
when  he  pointed  out  the  various  loads  to  which  some  highway 
bridges  are  subjected. 

In  this  city  only  those  bridges  crossing  the  rivers  and  in  the 
downtown  and  mill  districts  will  likely  be  subjected  to  any  of  the 
heavy  loads  he  has  observed.  While  the  bridges  in  the  outlying 
and  residential  districts  probably  never  will  be  subjected  to  such 
heavy  concentrated  loads,  we  therefore  think  it  unwise  to  entail 
the  additional  expense  of  providing  for  loads  that  the  bridge  will 
probably  never  be  required  to  sustain. 

After  due  consideration,  the  loads  assumed  in  designing  the 
city  bridges  in  the  last  seven  years  were  taken  as  the  maximum 
probable  loads  that  will  use  the  bridges. 

All  of  our  city  bridges  constructed  in  recent  years,  which  are 
so  located  that  they  now  have  or  in  the  future  can  have  street 
railway  lines  crossing  them,  are  designed  for  present  or  future  in¬ 
stallation  of  railway  tracks.  The  bridges  so  located  that  inter- 
urban  car  lines  can  use  them  are  designed  for  fifty-ton  cars  of 
the  Washington  and  Canonsburg  line  type,  while  those  that  can 
be  used  by  city  and  suburban  car  lines  only  are  designed  for 
thirty-five  ton  double-truck  cars. 

In  addition  to  the  street  railway  loadings  given  above,  the 
floor  systems  are  designed  for  a  truck  load  on  any  part  of  the 
roadway  floor  of  fifteen  tons,  ten  tons  on  one  axle  and  axles 
10  ft.  apart.  All  sidewalk  slabs,  stringers  and  brackets  are  de¬ 
signed  for  a  uniform  load  of  one  hundred  pounds  per  square  foot, 
or  a  two  thousand  pound  concentrated  load  at  any  point. 

In  calculating  the  stresses  in  truss  members  for  spans  one 
hundred  feet  and  less  in  length  the  same  loads  are  used  as  for 
floor  system  members,  which  is  also  the  case  with  hangers  in 
trusses  of  longer  spans.  In  spans  over  one  hundred  feet  in  length 
the  truss  members  are  designed  for  equivalent  uniform  load  for 
street  railway  and  a  somewhat  reduced  roadway  and  sidewalk 
loads. 

All  the  speakers  tonight  have  condemned  the  old  type  of 
plank  floor  in  which  I  concur.  The  day  for  the  common  plank 
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floor  has  passed,  it  being  practically  impossible  to  secure  good 
white  oak ;  furthermore,  when  we  order  3  in.  plank  we  get  plank 
from  2 y2  in.  to  4  in.  in  thickness,  and  it  is  impossible  to  lay  a 
good  floor  with  such  variation  in  thickness  of  the  plank.  A  large 
percent  of  the  bridges  in  this  city  have  plank  floors,  which  we  are 
replacing,  where  the  structure  is  sufficiently  strong,  with  some 
type  of  paved  floor,  whenever  renewals  are  necessary.  \\  e  find 
that  the  coming  of  the  fast  moving  motor  truck  has  made  it  neces¬ 
sary  to  replace  the  old  plank  floor,  as  it  is  almost  impossible  to 
keep  the  plank  nailed  down. 

W  e  are  now  replacing  the  old  oak  plank  floors  with  creosoted 
long  leaf  yellow  pine,  using  joists  and  2  by  4  in.  sized — 3)4  un¬ 
set  on  edge  for  floor  surface;  the  2  in.  by  3)4  in.  pieces  are 
thoroughly  spiked  together  in  groups  of  five,  the  first  and  last 
pieces  being  toe-nailed  to  the  joists.  W  e  have  not  had  any  ot  this 
type  of  floor  in  use  sufficiently  long  to  determine  its  durability, 
but  to  date  it  is  showing  good  results.  On  our  bridges  in  outlying 
districts  I  am  convinced  this  type  of  floor  is  the  most  economical 
to  use  for  replacing  plank  floors  on  old  bridges.  On  all  new 
bridges  it  is  the  policy  of  the  department  to  use  some  type  of 
paved  floor. 

We  have  not  used  block  stone  for  pavement  on  bridges  to 
any  extent ;  the  block  stone  at  our  command  are  not  very  smooth 
and  this  type  of  pavement  is  very  heavy,  whence  we  would  have 
excessive  dead  load  and  vibration.  On  the  North  Side  Point 
Bridge  we  were  compelled  to  use  block  stone  on  the  approaches 
and  two  end  panels  of  steel  spans  due  to  the  grade  being  too  steep 
for  wood  block  pavement. 

Our  greatest  trouble  with  wood  black  pavements  on  bridges 
has  been  due  to  buckling,  which  is  most  troublesome  when  we 
have  an  abrupt  fall  of  temperature  following  a  heavy  rain,  which, 
I  think,  is  due  to  the  combined  swelling  of  the  blocks  and  con¬ 
traction  of  the  steel  work.  W  e  had  a  case  on  the  South  1  wenty- 
second  Street  Bridge  where  the  pavement  lifted  up,  broke  and 
settled  back  in  place  with  an  overlap  of  from  2  in.  to  3  in.  1  his 
particular  instance  was  due  to  the  blocks  being  very  dry  when 
laid.  The  blocks  should  be  thoroughly  wetted  for  a  sufficient 
length  of  time  before  laying  to  permit  them  to  attain,  and  have, 
their  full  swell  when  laid. 
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Some  of  the  speakers  this  evening  report  having  trouble  with 
the  wood  blocks  working  up  along  the  rails  of  car  tracks.  We 
have  not  experienced  this  trouble ;  our  trouble  is  that  they  hammer 
and  wear  down  along  the  rail,  particularly  on  the  South  Tenth 
Street  Bridge,  which  was  designed  for  a  plank  floor  with  steel 
cross-beams  spaced  from  3  ft.  to  5  ft.  apart,  with  the  9  in.  girder 
type  track  rails  resting  on,  and  fastened  to,  these  beams.  The  old 
plank  floor  was  replaced  with  a  paved  floor  by  placing  a  4^4  in. 
by  8  in.  creosoted  long-leaf  yellow  pine  timber  decking  running 
longitudinally,  the  timbers  being  thoroughly  toe-nailed  together ; 
upon  this  decking  was  placed  the  water-proofing,  consisting  of 
two  layers  of  two-ply  tarred  paper,  upon  which  was  placed  a  dry 
mixture  of  1  to  3  cement  and  sand  averaging  about  1-inch  in 
thickness,  which  was  well  sprinkled  just  ahead  of  the  laying  of 
the  blocks.  This  pavement  has  not  given  good  results,  which  I 
think  was  due  to  its  being  laid  in  freezing  weather,  so  that  the 
mortar  cushion  did  not  set  properly,  the  result  being  that  the 
cushion  has  shifted  from  under  the  blocks  along  the  rails  under 
the  heavy  traffic  and  forced  the  pavement  up  at  the  sides  of  the 
traffic  lines.  Upon  removing  the  blocks  in  the  bad  places  the 
cushion  does  not  show  that  it  ever  was  concrete.  The  west  road¬ 
way  of  the  Smithfield  Street  Bridge  was  repaved  when  the  re¬ 
pairing  and  widening  was  done  in  1911.  The  old  floor  consisted 
of  5  in.  by  8  in.  cross-timbers  and  3  in.  longitudinal  plank,  upon 
which  was  a  creosoted  wood  block  floor.  The  cross-timbers  and 
planking  were  of  untreated  lumber,  some  of  which  was  in  good 
condition  and  had  been  in  service  about  13  years. 

The  new  floor  consisted  of  creosoted  long-leaf  yellow  pine 
cross-timbers  and  longitudinal  plank,  upon  which  was  placed  two 
layers  of  tarred  paper,  upon  which  was  laid  the  wood  blocks  on 
in.  sand  cushion.  When  the  bridge  was  opened  to  traffic  a 
few  very  heavy  loads  passed  over,  leaving  very  perceptible  ruts, 
which  we  feared  would  cause  the  paving  to  go  to  pieces.  How¬ 
ever,  after  a  few  months,  the  entire  floor  received  the  wear  and 
the  ruts  disappeared,  and  the  paving  now,  after  five  years’  use, 
is  in  excellent  condition. 

We  have  a  number  of  bridges  with  paved  floors  carried  on 
buckle  plates  and  have  never  experienced  any  trouble  due  to  the 
spring  in  the  buckle  plates.  The  most  of  our  bridges  having 
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buckle  plates  are  paved  with  asphalt,  which  would  surely  show 
cracks  and  unevenness  if  there  was  springing  in  the  plates  suf¬ 
ficient  to  cause  the  concrete  to  crack.  It  is  my  opinion  that  where 
such  trouble  has  occurred  the  metal  used  in  the  plates  was  too 
light,  and  that  a  poor  quality  and  too  thin  a  concrete  base  was 
used  for  the  paving. 

On  the  North  Side  Point  Bridge  the  buckle  plates  are  in. 
thickness  and  the  paving  base,  which  is  composed  of  1  :  2  :  4 
concrete,  varies  from  3  in.  to  8  in.  in  thickness.  1  he  concrete 
was  troweled  to  a  true  smooth  surface  3]/2  in.  below  the  finished 
surface  of  the  paving;  upon  this  surface  was  mopped  a  coat  of 
bitumen,  upon  which  the  blocks  were  set  while  the  bitumen  was 
still  hot. 

Prof.  J.  Hammond  Smith  :*  There  seems  to  be  a  large 
variance  of  opinion,  and  practice,  among  engineers  on  the  subject 
of  cushioning  for  block  or  brick  paving.  I  he  main  functions 
of  cushions  of  yielding  substances,  such  as  tar  compounds, 
asphaltum,  sand,  etc.,  are:  (a)  To  permit  a  uniform  bedding  of 
the  blocks  on  their  foundation,  with  a  uniform  upper  surface  of 
pavement;  (b)  to  give  elasticity  to  the  paving  so  that  highly 
concentrated  loads  will  cause  least  possible  injury  to  the  surface; 
(c)  to  compensate  within  limits,  by  the  yielding  bed,  for  unequal 
wear  or  lasting  qualities  of  the  blocks. 

On  account  of  the  laws  of  flow  of  these  yielding  substances 
it  is  evident  that  there  are  certain  limits  to  the  thickness  of 
cushions  which  will  give  the  best  results,  under  a  given  traffic, 
with  a  given  type  and  quality  of  paving.  A  great  deal  is  known 
from  experience,  but  it  would  seem  that  a  series  ot  careful 
experiments,  in  the  laboratory  and  on  roadways,  would  be  an  aid 
of  great  importance  to  all  designers  of  pavements. 

Mr.  Edward  Godfrey  :t  Structural  details  always  impress 
me,  and  one  thing  that  I  noticed  in  several  of  the  slides  was  the 
apparent  absence  of  provision  for  cantilever  stress  in  the  side¬ 
walk  brackets. 

•Professor  of  Civil  Engineering.  University  of  Pittsburgh.  Pittsburgh. 

•{•Structural  Engineer,  Robert  W.  Hunt  Co.,  Pittsburgh. 


SOS  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 

The  current  issue  of  the  Proceedings  of  the  American  So¬ 
ciety  of  Civil  Engineers  shows  plans  for  a  drawbridge  with  side¬ 
walks.  The  tension  on  the  top  flange  of  the  sidewalk  is  taken  by 
two  rivet  heads.  If  the  two  rivet  heads  were  severed  the  entire 
sidewalk  would  fall  into  the  river.  I  figured  the  tension  on  that 
sidewalk  bracket,  and  it  was  19  000  lb.  Wherever  details  of  that 
sort  exist  they  always  strike  me  as  a  thing  worthy  of  comment. 

The  subject  of  sand  cushions  has  been  mentioned  and  foreign 
specifications  have  been  referred  to  as  recommending,  not  a  sand 
but  a  cement  mortar  cushion.  Now  that  is  not  altogether  a  for¬ 
eign  idea,  or  if  it  is,  it  is  being  adopted  in  the  United  States  as 
well.  There  has  been  a  good  deal  said  in  the  papers  lately  on  the 
use  of  cement  mortar  cushion  in  preference  to  shifting  sands,  and 
I  think  it  is  a  very  good  idea  to  have  something  there  that  is 
solid  and  to  get  rid  of  the  apparent  notion  that  wTe  must  have 
something  elastic.  I  think  it  holds  as  well  on  bridges  as  it  does 
on  streets. 

I  agree  with  Professor  Davis  and  Mr.  Morse  that  reinforced- 
concrete  slabs  are  best  for  the  floor  of  a  bridge.  If  Professor 
Davis  has  the  rule  given  by  the  Iowa  State  Bridge  Department 
I  believe  it  would  be  well  to  introduce  it  into  his  remarks  for  the 
Proceedings  as  a  basis  for  designing  these  slabs,  because  there 
is  no  accepted  rule  for  engineers,  and  there  is  a  very  wide  differ¬ 
ence  in  their  designs  when  it  comes  to  distributing  a  concentrated 
load  over  a  reinforced-concrete  slab  in  a  bridge. 

Mr.  Sprague  mentioned  an  instance  in  which  a  road  roller 
ran  over  a  bridge  in  its  last  gasp.  I  had  an  experience  some  years 
ago  with  a  contractor  who  wanted  to  run  a  road  roller  over  a 
bridge  about  25  miles  from  Pittsburgh,  and  he  was  not  sure  of 
the  strength  of  the  bridge.  He  called  me  in  to  examine  it,  and  I 
found  that  it  was  not  capable  of  carrying  the  road  roller.  Here 
was  a  case  of  a  contractor  doing  work  on  both  sides  of  a  river 
where  there  was  a  county  bridge  which  would  not  carry  a  neces¬ 
sary  implement  to  make  good  roads.  He  could  not  economically 
strengthen  the  floor  so  as  to  carry  the  roller,  and  was  compelled 
to  transport  it  across  the  river  by  rail.  It  was  an  imposition  to 
make  him  shift  his  tools  around  by  railroad  when  they  were  used 
for  the  purpose  of  building  public  roads. 
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Mr.  George  H.  Danforth  :*  One  thing  struck  me  in  these 
methods  of  paving,  and  that  was  the  amount  of  timber  that  is  used 
in  some  of  these  city  bridges.  Last  summer  I  examined  the 
remains  of  the  Belle  Isle  Bridge  at  Detroit,  which  was  iuined  b\ 
the  combustion  of  a  wood  floor.  I  do  not  have  much  to  do  with 
bridges,  but  if  I  ever  do,  there  will  be  mighty  little  wood  go  into 
the  floor,  as  the  result  of  that  inspection. 

Mr.  John  A.  Ferguson  :t  I  cannot  add  much  to  the  discus¬ 
sion  except  to  state  that  it  has  always  been  my  practice  to  exam¬ 
ine  the  design  and  detail  of  each  piece  of  flooring  or  of  brackets 
on  sidewalks  to  ascertain  if  a  vehicle  crossing  it,  which  did  not 
belong  there,  would  cause  strains  beyond  the  elastic  limit  ot  the 
materials ;  also  the  same  thing  for  the  floor  system  for  any  acci¬ 
dental  loads  that  might  come  upon  them. 

I  find  that  the  author’s  information  fits  the  conditions  of 
floor  loads  as  far  as  they  are  known  today.  My  own  practice 
has  been  to  ascertain  the  probable  effect  on  a  bridge  of  increasing 
assumed  live  loads  to  the  maximum  conceivable  within  the  limits 
of  possibility.  In  no  case  have  I  allowed  such  assumed  loadings 
to  increase  the  calculated  unit  strains  more  than  33  peicent  be¬ 
yond  the  safe  strains  without  changing  the  design  to  one  propor¬ 
tionately  stronger. 

As  a  consequence,  I  have  some  twenty  bridges  standing  that 
will  stand  up  under  the  increasing  traffic  conditions  with  safety. 
Some  country  structures  built  before  the  day  of  heavy  motor 
traffic  are  now  carrying  it  and,  while  slightly  overstrained,  I  can 
sleep  nights  knowing  that  such  overloading  is  not  serious.  I 
would  strongly  recommend  this  practice  to  all  engineers  as  a 
proper  safeguard  to  throw  around  such  long-lived  structuies  as 
reinforced-concrete  bridges. 

•Asst.  Structural  Engineer,  Jones  &  Laughlin  Steel  Co.,  Pittsburgh. 

•{-Secretary-Engineer,  Building  Code  Commission,  City  ot  Pittsburgh. 

[Discussion  by  correspondence  on  following  pugts.] 
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CORRESPONDENCE 

Mr.  Edward  A.  Byrne  :*  The  writer  wishes  to  express  his 
appreciation  for  the  very  able  presentation  by  Professor  Spofford 
of  a  matter  so  important  to  bridge  engineers. 

The  time,  I  believe,  is  ripe  for  some  concerted  action  on  the 
part  of  those  city  and  state  officials  who  have  to  do  with  the 
design  of  bridges,  with  the  view  of  having  laws  enacted  looking 
toward  a  uniform  practice  in  the  design  of,  and  loads  specified 
for,  floors  of  bridges  on  the  main  arteries  of  traffic  throughout 
the  various  sections  of  the  country.  As  called  to  our  attention  in 
this  paper,  the  loads  specified  in  various  cities  and  states  referred 
to  bring  out  very  forcibly  the  reason  for  this  suggestion.  The 
specifications  of  the  New  York  Bridge  Department  are  not  backed 
up  with  legal  authority,  and,  in  fact,  neither  the  city  nor  the  state 
has  enacted  any  law  with  respect  to  the  minimum  or  maximum 
loads  which  highways  bridges  should  be  designed  to  accommo¬ 
date.  Only  lately  have  any  laws  been  enacted  regulating  the 
speed  of  vehicles  over  bridges,  and  these  are  only  of  local  origin. 

Referring  to  the  width  of  roadway — the  factors  that  should 
determine  the  width  of  roadways  are  density  of  traffic  and  speed. 
The  writer  believes  that  the  standard  width  of  bridge  roadways 
should  be  a  factor  of  17  ft.,  that  is,  twice  the  width  of  8  ft.  6  in., 
which  is  sufficient  for  the  passing  of  vehicles.  The  four  East 
River  bridges  can  be  used  in  the  demonstration  of  this  statement. 
The  roadway  of  the  Brooklyn  Bridge  is  16  ft.  9  in.  as  against 
17  ft. 

The  roadway  of  the  Manhattan  Bridge  is  35  ft.,  which  is 
practically  twice  17  ft.  The  effective  width  of  the  roadway  of 
the  Queensboro  Bridge  is  52  ft.  3  in.  (Professor  Spofford  is  cor¬ 
rect  in  stating  that  the  width  of  the  bridge  is  53  ft.  2 in.  be¬ 
tween  curbs),  this  width  of  52  ft.  3  in.  being  practically  three 
times  the  factor  of  17  ft. 

The  roadway  of  the  Williamsburg  Bridge  is  19  ft.  11%  in., 
except  through  the  towers  (where  the  width  is  17  ft.  1%  in.), 
and  this  really  is  the  determining  factor,  as  far  as  width  and  road¬ 
way  are  concerned,  for  this  bridge. 

•Acting  Chief  Engineer,  Department  of  Bridges,  City  of  New  York. 
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The  writer  calls  attention  to  the  fact  that  the  design  for  the 
Brooklyn  Bridge  roadway  did  not  contemplate  that  trolley  cars 
were  to  be  operated  on  it.  The  traffic,  nevertheless,  that  this 
bridge  accommodates  is  very  great,  and  in  rush-hour  periods  300 
trolley  cars  per  hour  is  not  an  uncommon  occurrence,  and,  in 
addition,  there  is  a  very  heavy  vehicular  traffic  to  be  taken  care 
of.  The  traffic,  however,  has  adapted  itself  to  the  conditions, 
and  there  is  but  slight  interruption  to  either  trolley  cars  or  ve¬ 
hicles.  The  factor  of  17  ft.  is  applicable  to  bridges  where  there 
is  no  trolley  traffic.  In  bridges  designed  for  trolley  car  traffic 
the  writer  would  recommend  a  clear  width  of  19  ft.  for  trollev 

J 

cars,  with  an  additional  width  of  17  ft.,  34  ft.,  or  51  ft.,  depend¬ 
ing  on  traffic  demands,  as  the  proper  widths  for  bridge  roadways 
having  double-track  trolleys. 

Referring  to  the  wood  block  pavement  on  the  Harvard 
Bridge  in  Boston,  attention  is  called  to  Figure  24.  The  writer  has 
not  received  a  print  of  this  figure,  but  he  is  of  the  opinion  that 
the  failure  of  the  wood  block  pavement  on  this  bridge  was  due 
practically  to  lack  of  proper  support  for  car  rails  and  improper 
fastenings  of  the  timber  underdeck  to  the  stringers.  The  writer’s 
experience  with  the  pavements  of  the  bridges  of  the  City  of  New 
York  has  demonstrated  that  it  is  not  necessary  to  place  a  cushion 
under  wood  blocks.  On  the  Brooklyn  Bridge  we  have  been  ex¬ 
perimenting  with  wood  blocks  to  replace  the  present  spruce 
planking.  The  blocks  in  this  case  rest  directly  on  the  wood 
stringers,  and  the  result  after  two  years’  test  has  fully  demon¬ 
strated  that  this  design  is  a  practical  one. 

In  1903  we  laid  a  wood  block  pavement  on  one  of  the  small 
bridges  of  the  Department;  this  is  a  draw  bridge  200  ft.  in 
length  and  has  two  steel  approaches,  having  a  length  of  So  ft., 
making  a  total  length  of  bridge  of  285  ft.  The  width  of  the 
roadway  is  20  ft.  and  the  average  daily  traffic  is  about  900  ve¬ 
hicles.  The  pavement  consists  of  sub-base  3  in.  by  12  in.  un¬ 
treated  yellow  pine  dressed  on  sides  and  edges  to  2J4  in.  bv  1 1 
in.,  thoroughly  bolted  through  the  supporting  stringers.  On  this 
flooring  is  laid  a  water-proof  course,  consisting  of  four  layers  of 
single-ply  roofing  felt  tarred  to  each  other  and  on  top,  but  not 
tarred  to  the  underflooring.  The  blocks,  3  in.  in  depth,  cut  from 
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2 y2  in.  by  6  in.  plank,  were  laid  on  this  course  and  their  joints 
filled  with  coal  tar  to  the  proportion  of  one-half  gallon  of  coal 
tar  to  the  square  yard  of  pavement.  A  layer  of  white  beach  sand, 
which  had  been  artificially  dried,  was  spread  on  the  blocks  and 
broomed  into  the  joints  until  they  were  completely  filled.  The 
underside  of  the  sub-plank  was  painted  with  one  coat  of  graphite 
paint.  This  pavement  has  required  no  repairs  during  the  past 
twelve  years  and  the  untreated  sub-deck  is  in  first-class  con¬ 
dition. 

In  the  reconstruction  of  the  bridge  pavements  on  three  of  the 
East  River  Bridges,  namely — the  Brooklyn  Bridge,  the  Williams¬ 
burg  Bridge  and  the  Oueensboro  Bridge,  it  is  the  writer’s  inten¬ 
tion  to  use  a  shallow  wood  block.  At  the  Brooklyn  Bridge  a  2l/2 
in.  block  will  be  used  to  replace  the  spruce  planking.  At  the  Wil¬ 
liamsburg  Bridge  a  2)4  in.  block  to  replace  the  present  4  in.  block. 
At  the  Oueensboro  Bridge,  a  3  in.  block  to  replace  the  4  in.  block. 
On  these  three  bridges  we  have  made  extensive  experiments, 
extending  over  a  period  of  two  years,  and  in  each  case  the  shallow 
blocks  have  given  satisfactory  results. 

The  writer  believes  no  trouble  will  be  experienced  in  the  use 
of  shallow  blocks,  provided  the  depth  is  not  greater  than  the 
width  and  the  length  not  greater  than  three  times  the  width.  The 
use  of  a  shallow  wood  block  on  these  bridges  was  practically 
forced  on  the  Bridge  Department,  on  account  of  the  fact  that  the 
dead-load  should  not  be  increased. 

The  writer  agrees  with  Professor  Spofford  that  the  under¬ 
deck  should  be  laid  with  tight  joints,  but  would  add  that  the  fas¬ 
tening  of  the  underdeck  to  the  stringers  should  be  made  by  bolts 
— not  spikes  nor  nails.  The  writer’s  practice  has  been  to  fasten 
this  under-deck  to  the  stringers  with  two  bolts,  with  lock  nuts, 
at  each  supporting  stringer. 

The  Bridge  Department  of  the  City  of  New  York  has  laid 
wood  block  pavement  on  the  movable  span  of  two  bascule  bridges. 
In  laying  this  pavement  on  these  bascule  bridges  the  same  speci¬ 
fication  was  followed  under  which  the  small  draw  bridge,  above 
referred  to  was  laid,  with  the  addition  of  transverse  angles  ex¬ 
tending  from  curb  to  curb  and  spaced  about  ten  feet  apart  to 
keep  the  blocks  from  movement  while  the  bridge  was  in  operation. 
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For  bascule  bridges  the  writer  does  not  approve  of  toe-nailing 
blocks  directly  to  the  sub-blocks,  as  suggested  in  the  paper  under 
discussion. 

Referring  to  buckle  plate  floors  as  supports  for  wearing  sur¬ 
face,  Professor  Spofford  quotes  from  a  paper  read  by  the  writer 
before  the  American  Road  Builders’  Association,  at  Chicago,  on 
December  17,  1914.  It  should  be  noted  that  the  quotation  refers 
to  conditions  at  the  Oueensboro  Bridge.  This  bridge  was  opened 
to  traffic  March  30,  1909,  and  that  part  of  the  pavement  laid  on 
buckle  plates  (34  600  sq.  yd.)  has  been  a  source  of  trouble  during 
the  past  two  and  a  half  years.  In  the  fall  of  1912  the  writer 
designed  a  new  pavement  with  the  view  of  correcting  the  condi¬ 
tion  as  quoted  in  this  paper.  In  any  design  it  was  of  first  import¬ 
ance  that  no  increase  in  the  weight  of  the  floor  be  made,  as  that 
of  necessity  would  reduce  the  live  load  capacity  of  the  structure. 
The  buckle  plates  could  not  be  replaced  on  account  of  the  rigidity 
they  added  to  the  general  stability  of  the  bridge. 

The  design  in  general  consists  essentially  of  a  parquet  foun¬ 
dation,  formed  by  a  combination  of  timber  planking  and  Port¬ 
land  cement  concrete,  with  the  creosoted  wood  blocks  laid  directly 
on  this  foundation,  without  a  cushion. 

The  timber  used  was  3-in.  by  12-in.  long  leaf  yellow  pine — 
dressed  to  an  even  thickness  of  2l/2  inches.  These  planks  were 
laid  flat  and  bolted  to  each  line  of  stringers  by  machine  bolts 
spaced  30  in.  apart.  The  heads  of  the  bolts  finished  flush  with  the 
top  of  the  plank  and  the  countersunk  hole  around  the  head  was 
filled  with  portland  cement  mortar.  Planks  were  similarly  bolted 
to  each  floor  beam,  with  the  result  that  a  trough  was  formed, 
timber  at  vertical  faces  and  the  buckle  plates  forming  its  bottom. 
This  space  was  filled  with  a  portland  cement  concrete,  the  top  of 
which  was  finished  smooth  at  the  top  of  the  2x/2  inch  timber 
plank. 

The  holes  in  the  invert  of  the  buckle  plates  were  used  for 
drainage,  by  the  placing  of  galvanized  iron  thimbles  in  them, 
which  extended  to  a  point  just  be^w  the  finished  top  of  the  con¬ 
crete. 

On  this  composite  foundation  creosoted  wood  blocks  were 
laid  with  a  sand  joint  and,  as  stated  before,  without  a  cushion 
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These  blocks  were  3  in.  in  depth  and  cut  from  3  in.  by  8  in. 
long  leaf  yellow  pine  timber.  It  was  to  be  expected  that  the 
blocks,  resting  as  they  do,  partly  on  timber  and  partly  on  con¬ 
crete,  would  splinter.  This  they  have  done  in  places,  but  there 
has  been  no  heaving  of  blocks  in  the  various  experimental  sec¬ 
tions  laid  to  date.  These  sections  are  standing  up  well  under  the 
traffic,  and  it  is  expected  that  in  the  coming  year  this  entire  pave¬ 
ment  will  be  reconstructed  according  to  these  specifications. 

At  the  Williamsburg  Bridge  the  wood  block  pavement  is  4  in. 
in  depth ;  the  blocks  rest  on  12  in.-20.o  lb.  channels,  laid  longi¬ 
tudinally  with  the  bridge,  with  a  space  of  half  an  inch  between 
channels,  the  web  horizontal  and  the  flanges  turned  down.  These 
flanges  rest  directly  on  7  in.  channels  laid  transversely  on  30  in. 
centers.  The  tops  of  the  12  in.  channels  were  given  a  coat  of  hot 
asphaltic  cement  and  the  blocks  were  laid  on  this  cement  with 
close  joints  filled  with  an  asphaltic  and  coal  tar  compound. 

In  1909  these  channels  commenced  to  show  signs  of  failure, 
the  webs  under  the  heavily  increasing  traffic  deflected  badly,  and 
in  many  cases  this  continued  deflection  caused  fracture,  necessi¬ 
tating  the  replacement  of  over  one  hundred  channels  to  date. 

The  failure  of  these  channels  under  traffic  was  a  very  serious 
matter,  and  much  thought  has  been  given  to  the  many  designs  that 
were  suggested. 

Here,  as  at  Queensboro,  it  was  again  a  question  of  weight 
of  floor.  The  plan  which  seemed  to  offer  less  inconvenience  to  the 
traveling  public,  as  well  as  being  less  expensive,  consisted  of  lay¬ 
ing  a  timber  floor  on  the  top  of  channels  and  the  use  of  a  shallow 
paving  block. 

In  1913  an  experimental  section,  in  accordance  with  this 
plan,  was  laid  on  one  of  the  roadways,  in  which  five  different 
classes  of  blocks  were  used.  The  design  consists  of  laying  long 
leaf  yellow  pine  plank,  dressed  on  sides  and  edges  to  a  uniform 
size  of  2*4  in.  by  9^4  in.  on  the  channel  floor,  from  curb  to  curb 
in  one  length,  and  bolted  to  the  channels  by  two  one-half  inch 
bolts  at  every  alternate  one.  The  plank  is  untreated,  but  before 
the  blocks  were  laid  the  top  surface  was  coated  with  paving  pitch. 
On  these  plank  were  laid  creosoted  wood  blocks  2j4  in-  in  depth, 
cut  from  2  in.  by  6  in.  yellow  pine.  This  design  has  proved  sat¬ 
isfactory  and  has  demonstrated  very  clearly  to  the  writer  that 


DISCUSSION — HIGHWAY  15 RIDGE  FLOORS 


SOD 


shallow  wood  blocks  are  suitable  for  pavement  under  these  con¬ 
ditions. 

In  closing  the  writer  desires  to  call  attention  to  a  cast  iron 
and  concrete  block,  which  has  given  very  satisfactory  service 
at  the  gutters  along  the  narrow  roadways  of  the  Brooklyn  Bridge 
approaches. 

These  blocks  are  of  cast  iron  G  in.  deep,  4 1/2  in.  wide  and  are 
made  in  two  lengths,  one  of  5  in.  and  the  other  of  18  in.  These 
blocks  are  cast  hollow  with  a  top  face  ll/$  in.  thick.  I  hey  may 
be  best  described  as  an  open  box  or  crate,  having  ends  and  bases 
of  Y  in.  square  metal.  Recesses  are  cast  in  the  top  face  to  pre¬ 
vent  slipping.  The  hollow  space  is  filled  with  portland  cement 
concrete  (1  :  2  :  4),  which  is  thoroughly  set  before  the  block  is 
placed  in  position  in  the  pavement.  The  blocks  are  laid  in  con¬ 
junction  with  the  granite  blocks,  with  which  they  bond  with  a  lap 
joint  of  3  in. 

Mr.  L.  £.  Moore  :*  In  a  number  of  places  the  author  has 
referred  to  the  “Specifications  for  Highway  Bridges  Carrying 
Electric  Cars”  issued  by  the  Massachusetts  Public  Service  Lorn- 
mission,  and  to  the  loadings  which  are  given  in  that  specitication. 

The  last  few  years  have  seen  a  very  marked  increase  in  loads 
on  highway  bridges,  the  increase  being  such  as  to  lead  to  the  very 
rapid  wearing  out  of  many  existing  structures.  It  is  my  opinion 
that  the  specifications  for  use  today  should  be  drawn  so  as  to 
provide  for  future  increase  in  loads. 

It  seems  possible  that  the  slight  reduction  in  weights  of 
motor  trucks  at  the  present  time  over  those  previously  manufac¬ 
tured  may  be  due  to  the  fact  that  the  heavy  motor  trucks  are  too 
heavy  for  the  general  run  of  highways  as  at  piesent  constiucted 
and  that  that,  rather  than  other  limitations,  may  be  the  reason 
for  the  reduction  in  weight  noted  by  Prof.  Spofford’s  paper.  Im¬ 
provements  in  the  wearing  surface  of  highways  and  especially  the 
coming  use  of  the  concrete  roadway  will,  in  my  opinion,  lead  to 
a  further  increase  in  weights  of  motor  driven  vehicles.  All  ex¬ 
perience  in  the  handling  of  freight  has  pointed  tow  aid  a  >tead\ 
increase  in  unit  loads  as  an  economical  feature,  and  it  seems  that 
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such  an  increase  may  be  reasonably  expected  in  the  case  of  motor 
truck  traffic  as  the  surfaces  of  the  highways  are  improved  to  carry 
such  travel.  It  would  seem  too  bad  to  design  bridges  for  present 
day  loads  with  no  provisions  for  the  future  and  then  as  highway 
surfaces  are  improved  to  be  obliged  to  throw  away  the  money 
already  expended  on  bridges  and  build  new  ones  in  order  to 
bring  them  up  to  the  standard  of  the  highways.  Where  a  motor 
truck  as  heavy  as  ten  tons  is  used  for  designing  the  floor  I  do  not 
believe  it  necessary  to  give  any  consideration  to  road  rollers 
which  in  any  case  use  a  bridge  at  only  very  infrequent  intervals. 

In  determining  the  auto  truck  used  I  took  a  table  prepared 
by  the  engineering  department  of  the  New  York  Central  Rail¬ 
road  in  1914,  which  gave  actual  dimensions  and  wheel  concentra¬ 
tions  of  commercial  trucks  which  were  on  the  market.  The  truck 
used  in  the  specifications  is  one  which  may  be  called  a  typical 
truck  and  is  the  heaviest  of  those  given  in  the  table  referred  to. 
The  heaviest  actual  truck  in  service  appears  to  be,  according  to 
this  table,  a  17-ton  truck.  At  the  time  the  specifications  were 
written  a  16-ton  auto  truck  was  in  use  in  the  city  of  Fall  River. 

It  is  my  belief  that  the  country  bridges  should  be  designed 
for  as  heavy  a  motor  truck  as  the  city  bridges,  owing  to  the  fact 
that  the  trucks  frequently  do  penetrate  to  remote  parts  of  the 
country,  and  will  do  so  increasingly  in  order  to  provide  transpor¬ 
tation  facilities  to  such  points  as  are  not  now  reached  by  railroads 
or  trolley  lines.  The  facility  provided  will  develop  its  own  traffic 
into  these  parts. 

I  would  like  to  hear  some  discussions  on  the  question  of  the 
proper  impact  allowances  in  the  case  of  highway  bridges.  The 
allowance  of  50  percent  for  steel  floor  members  with  the  auto 
truck  was  a  matter  of  judgment  on  my  part,  as  I  was  entirely 
unable  to  find  any  figures  or  tests  which  appeared  to  me  suffici¬ 
ently  reliable  to  warrant  their  use  for  that  purpose.  I  was  further 
influenced  by  the  fact  that  owing  to  poor  tire  conditions  as  well 
as  to  worn  pavement  on  the  bridges,  impact  shocks  very  much  in 
excess  of  what  would  be  experienced  with  a  smooth  wheel  rolling 
on  a  smooth  pavement  are  often  felt.  I  have  often  noticed  this 
condition  in  inspecting  the  bridges  which  come  under  the  juris¬ 
diction  of  the  Commission.  The  jarring  caused  by  some  of  the 
heavy  trucks  cannot  fail  to  produce  stresses  considerably  in  excess 
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of  those  which  would  be  caused  by  the  static  load  of  the  truck 

itself. 

I  question  whether  the  impact  allowance  should  vary  with  the 
character  of  the  pavement;  because  of  the  probability  of  the  im¬ 
pact  being  very  largely  increased  if  the  pavement,  no  matter  what 
its  character,  is  allowed  to  deteriorate.  It  would  seem  perhaps 
desirable  to  vary  the  impact  allowance  in  some  way  with  the  dead 
load  on  the  bridge,  making  it  less  as  the  dead  load  increases.  I 
have  been  unable,  however,  to  find  any  formula  which  seemed  to 
me  to  meet  the  conditions  satisfactorily. 

It  seems  that  a  bridge  constructed  in  accordance  \\  ith  this 
loading  and  with  this  impact  allowance  would  be  safe  for  a  horse 
or  horses  under  almost  any  conditions.  The  jarring  of  the  horse 
trotting,  as  is  well  known,  produces  very  high  impact  stresses,  one 
as  high  as  800  percent  having  been  measured  by  Prof.  F.  O. 
Du  four. 

After  all  parts  of  the  floor  have  been  designed  of  sufficient 
strength  for  such  a  motor  truck  it  is  sufficient  to  design  the  trusses 

for  a  uniform  live  load  per  square  foot. 

I  do  not  understand  Prof.  Spoftord’s  statement  that  the 
Massachusetts  Public  Service  Commission  specifies  that  the  dis¬ 
tance  from  center  to  center  of  electric  railway  tiacks  should  be 
9.71  feet.  There  is  nothing  in  the  specifications  which  fixes  the 
distance  between  tracks  other  than  a  clearance  statement  which 
might  perhaps  be  construed  to  give  a  minimum  spacing. 

With  regard  to  the  distribution  of  the  loads  the  author  has 
again  quoted  the  Massachusetts  Public  Service  Commission,  stat¬ 
ing  that  the  specification  of  that  Commission  give  the  following 
for  the  distribution  due  to  the  rail.  1  he  clause  in  question  reads 
as  follows : 

Where  plank  floors  or  floors  resting  on  planks  are  used,  each  wheel 
load  of  the  auto  truck  may  be  considered  to  he  distributed  over  a  width 
of  floor  equal  in  feet  to  the  thickness  in  inches  of  the  supporting  layer  ot 
planking.  The  width  over  which  the  load  is  distributed  should  never, 
however,  be  taken  as  more  than  six  feet. 

This  is  entirely  an  empirical  rule  based  upon  observation  and 
judgment  on  my  part  and  is  not  intended  to  give  a  rule  for  dis¬ 
tribution  of  load  by  the  rail  of  a  street  car  track,  but  to  be  a 
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guide  as  to  the  number  of  longitudinal  stringers  which  may  be 
considered  to  support  a  wheel  concentration  of  the  auto  truck. 

In  connection  with  the  distribution  of  loads  on  bridge  floors 
I  would  like  to  call  attention  to  a  pamphlet  published  by  the  Ohio 
State  University,  the  author  being  Prof.  Clyde  T.  Morris.  It 
gives  the  results  of  load  distribution  on  reinforced  concrete  slab 
bridge  floors  and  gives  formulas  for  such  distribution  in  the  case 
of  reinforced  concrete  floors.  I  have  not  a  copy  of  this  pamphlet 
before  me  but  have  a  communication  from  Prof.  Morris  with 
reference  to  the  matter.  The  general  conclusions  reached  by  him 
in  his  letter  to  me  are  quoted  as  follows : 

The  following  conclusions  regarding  the  distribution  of  concentrated 
loads  on  a  reinforced  concrete  slab  to  the  floor  joists  seem  to  be  war¬ 
ranted  by  those  tests. 

1.  The  percentage  of  reinforcements  has  little  or  no  effect  upon  the 
load  distribution  to  the  joists  so  long  as  safe  loads  on  the  slab  are  not 
exceeded. 

2.  The  amount  of  load  distributed  by  the  slab  to  other  joists  than 
the  one  immediately  under  the  load  decreases  with  the  thickness  of  the 
slab. 

3.  The  loads  on  the  joists  supporting  a  reinforced  concrete  slab  are 
practically  uniformly  distributed  over  the  span  length  up  to  spans  of  20  ft. 

4.  The  outside  joists  should  be  designed  for  the  same  total  live  load 
as  the  intermediate  joists. 

5.  Until  further  experiments  can  be  made  and  more  definite  infor¬ 
mation  secured,  it  is  recommended  that  for  reinforced  concrete  slab  floor 
bridges  the  intermediate  joists  be  designed  on  the  assumption  that  the 
weight  of  the  maximum  road  roller  or  traction  engine  be  considered  as 
uniformly  distributed  over  an  area  of  12  ft.  by  20  ft. 

This  assumption  does  not  include  any  factor  for  impact. 

In  a  slab  of  certain  span  and  indefinite  width  there  is  some  width 
symmetrical  with  the  load,  beyond  which  a  single  concentrated  load  will 
have  no  effect.  The  stresses  in  this  slab  will  be  a  maximum  under  the 
load  and  will  decrease  in  each  direction  from  it. 

The  “ effective  width”  of  a  slab  is  that  width  used  in  designing  over 
which  a  single  concentrated  load  may  be  considered  as  uniformly  distrib¬ 
uted  on  a  line  down  the  middle  of  the  slab  parallel  to  the  supports. 

The  tests  of  slabs  seem  to  warrant  the  following  conclusions  : 

1.  The  “effective  width”  is  affected  very  little  by  the  percentage  of 
transverse  reinforcement  (parallel  to  the  supports). 

2.  The  “effective  width”  decreases  somewhat  as  the  load  increases. 

3.  The  “effective  width”  in  percentage  of  the  span  decreases  as  the 
span  increases. 
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4.  The  following  formula  will  give  a  safe  value  of  “effective  width’ 
where  the  total  width  of  slab  is  greater  than  1-1/3  .S'  -f-  3.8  ft. 

e  =  0.6  .S  +  1.7  ft. 

Where  c  is  effective  width  in  feet  and  S  is  the  span  in  feet. 


Messrs.  L.  R.  Manville  and  R.  \Y.  Gastmeyer  :*  Professor 
Spofford’s  paper  is  very  timely,  coming  as  it  does  at  a  period  when 
the  loadings  on  our  highways  are  changing  so  rapidly.  So  radical 
have  been  these  changes,  indeed,  that  the  slow  moving,  compara¬ 
tively  light  wagon  drawn  by  horses  has  largely  been  replaced  by 
motor  trucks  much  heavier  and  with  a  greater  range  of  speed. 
Only  ten  years  ago  engineers  designing  highway  bridges  had  no 
idea  that  their  bridges  would  have  to  carry  the  heavy  and  frequent 
truck  traffic  to  which  they  are  now  subjected.  Trucks  weighing 
in  all  from  10  to  12  tons  and  having  a  speed  of  12  miles  per  hour 
are  becoming  frequent;  besides,  another  type  of  loading  is  devel¬ 
oping — the  two  or  three  ton  touring  car  which  attains  speeds  of 
forty  or  fifty  miles  per  hour. 

Today  we  can  hardly  anticipate  the  future.  I  he  paper  under 
discussion  calls  attention  to  the  fact  that  at  this  time  manufactur¬ 
ers  seldom  make  trucks  having  a  total  weight  loaded  of  more  than 
twelve  tons  as  this  seems  to  be  the  limiting  weight  to  produce 
economical  results ;  but  possibly  within  another  ten  years  a  still 
heavier  type  of  truck  running  at  still  greater  speeds  may  be  de¬ 
veloped.  Highway  engineers  should  not  yet  neglect  the  possibility 
of  future  increases  in  loadings. 

Xot  many  years  ago  bridges  were  designed  throughout  for 
an  assumed  uniform  live  load,  and  extremely  light  floor  systems 
resulted.  The  next  step  was  then  to  use  a  road-roller  or  an  as¬ 
sumed  concentration  for  the  design  of  the  floor.  I  hese  older 
types  of  loading  used  in  design  now  appear  to  be  inconsistent  with 
the  actual  loads  the  bridges  are  required  to  carry.  A  bridge  de¬ 
signed  by  the  use  of  an  assumed  uniform  live  load  alone  is  poorly 
proportioned ;  its  trusses  or  girders  are  comparatively  heavy  and 
its  floor  system  weak.  A  bridge  designed  for  a  road-roller  is  pro¬ 
portioned  for  a  load  that  seldom  operates.  Its  movement  over  a 
bridge  is  unusually  slow  and  with  care,  often  after  first  laying 

♦Structural  Department,  New  York  Central  &  Hudson  River  R.  R.. 
New  York. 
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a  layer  of  planking  for  the  roller  to  run  on  to  produce  a  better 
distribution.  For  these  reasons  a  road-roller  should  be  classed 
with  a  group  of  unusual  loadings  which  should  not  enter  primarily 
into  the  design  of  an  economical  well  proportioned  bridge. 

The  first  important  point  in  the  economical  design  of  a  mod¬ 
ern  highway  bridge  is  the  determination  of  a  proper  and  adequate 
loading.  A  bridge  economically  designed  should  carry  every  dav 
heavy  loads  at  moderate  unit  stresses,  and  all  members  in  both 
the  floor  system  and  the  girders  or  trusses  under  such  loads 
should  work  at  about  the  same  stresses  in  order  that  there  be  no 
great  amount  of  material  at  certain  points  in  the  structure  lying 
idle.  In  the  paper  under  discussion  practically  every  type  of 
present  day  loading  is  considered,  but  no  definite  recommenda¬ 
tions  appear  to  be  set  forth.  We  believe  that  the  heavy  motor 
truck  is  the  most  frequent  of  the  heavy  loads  of  today  and  should 
be  selected  as  the  proper  and  adequate  loading ;  furthermore,  we 
believe  that  the  best  proportioned  modern  bridge  will  be  produced 
by  designing  it  to  carry  trucks  placed  side  by  side  on  the  road¬ 
way,  with  an  assumed  uniform  live  load  covering  the  remaining 
uncovered  portions  of  the  floor.  An  exception,  of  course,  would 
have  to  be  made  in  the  case  of  bridges  carrying  trolley  cars. 

Assuming  the  truck  loading  to  be  the  ideal  loading,  the  proper 
weight  should  be  selected.  Professor  Spofford  has  presented  some 
very  valuable  data  in  this  connection.  Of  the  heavier  staple 
trucks,  a  total  weight  of  the  truck  loaded  of  twelve  tons  appears 
to  be  the  upper  limit.  Heavier  trucks  than  this  are  manufactured, 
but  their  use  is  confined  to  the  largest  cities  and  they  are  at  the 
present  time  relatively  infrequent.  Now  and  then  isolated  fac¬ 
tories  have  special  trucks  made  to  order  for  special  work,  but 
these  of  course  are  given  special  attention  and  are  not  permitted 
to  operate  in  a  territory  where  the  capacity  of  the  highway 
bridges  is  questionable.  We  advise  the  selection  of  a  twelve  ton 
truck  for  Class  B  bridge  design.  Class  B  representing  bridges  on 
state  highways,  bridges  in  smaller  cities,  or  bridges  subjected  to 
good  heavy  every  day  traffic.  Statistics  show  that  in  the  total 
sales  in  New  York  state  of  trucks  having  a  total  weight  loaded 
of  ten  tons  over  seventy  percent  of  this  total  were  made  for  up¬ 
state  use,  which  shows  that  heavy  trucks  are  not  confined  in  their 
use  to  New  York  city  alone.  For  light  farm  crossings  six  ton 
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trucks  would  be  sufficiently  heavy.  Such  a  loading  would  ade¬ 
quately  provide  for  the  ordinary  traction  engine.  For  C  lass  A 
bridges,  representing  the  heaviest  city  requirements,  eighteen  ton 
trucks  ought  to  meet  all  conditions,  and  at  the  same  time  take 
care  of  future  increases. 

Professor  Spoftord  lays  no  stress  upon  the  point  that  modern 
bridge  floors  should  be  designed  for  two  trucks  passing.  llea\y 
trucks  passing  each  other  are  of  frequent  occurrence  on  heavily 
traveled  roads  leading  from  cities,  and  floor  beams  of  biidges 
located  in  busy  districts  should  be  designed  for  two  trucks.  1  he 
modern  tractor  pulling  a  string  of  trailers  makes  this  condition 
considerably  more  frequent. 

It  is  suggested  that  in  designing  bridges  for  two  trucks  pass¬ 
ing,  such  trucks  occupy  an  area  32  ft.  by  13  ft.  with  a  uniform 
live  load  of  100  lb.  per  sq.  ft.  occupying  all  the  remaining  uncov¬ 
ered  area  of  the  clear  roadway.  It  should  be  noted  that  trucks 
with  a  five  foot  gauge,  allowing  a  four  foot  passing  distance  can 
readilv  pass  on  a  bridge  having  a  sixteen  toot  loadway. 

Xot  enough  stress  is  placed  in  the  fact  that  a  large  peicentage 
of  the  total  load  of  the  modern  truck  is  concentrated  on  the  rear 
axle.  This  is  a  very  vital  point  in  the  consideration  of  bridge 
floors.  In  some  types  of  trucks  which  have  the  rear  dump  some 
eighty  percent  of  the  total  load  concentrated  on  the  rear  wheels 
and  the  distributing  width  of  these  wheels  is  none  too  good. 

All  of  the  special  loadings  mentioned  in  the  paper  aie  laic. 
Certainly  it  is  self-evident  that  bridges  should  not  be  designed  to 
carry  freak  loads;  rather  should  cases  of  this  type  be  considered 
and  treated  as  special  operations  and  special  precautions  taken  in 
their  operation  over  any  bridge.  A  case  comes  to  our  attention 
in  which  a  stone  slab  weighing  thirty-two  tons  was  safely  carried 
over  a  bridge  ordinarily  rated  for  twelve  ton  trucks,  by  means  of 
distributing  rollers  and  keeping  the  stone  near  a  heavy  suppoitmg 
girder.  In  another  case  a  sixty  ton  derrick  car  was  carried  o\ei 
a  bridge  having  an  unrestricted  capacity  of  ten  tons.  1  his  bridge 
had  two  roadways  and  three  supporting  girders.  The  floor  system 
limited  the  capacity^  of  the  bridge.  A  track  was  constructed  ovei 
the  center  girder,  thus  removing  the  heavy  concentrations  from 
the  floor  beams  and  stringers. 
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In  a  final  word  on  loads,  the  fact  should  be  emphasized  that 
the  wheel  concentrations  permitted  on  highways  should  be  limited 
by  legislation.  There  is  too  much  money  invested  in  highway 
improvements  to  permit  them  to  be  ruined  by  excessive  concen¬ 
trations.  Such  legislation  if  passed  would  materially  assist  the 
bridge  engineer  in  proportioning  bridge  floors  for  future  loads. 

Buckle  plate  floors  may  prove  satisfactory  as  a  base  for  stone 
block  pavement  when  they  are  first  installed,  but  trouble  such  as 
that  mentioned  by  Mr.  Byrne,  i.e.  later  tending  to  produce  an 
unequal  surface  due  to  unequal  deflections,  is  frequent;  but  there 
are  additional  objections  to  their  use.  Many  highway  bridges  are 
used  over  railroad  tracks,  and  buckle  plates  used  on  these  bridges 
are  very  unsatisfactory ;  they  corrode  readily  due  to  the  pockets 
formed  by  the  plates  holding  the  gases  from  the  engines,  and  also 
due  to  the  thinness  of  the  plates  and  the  large  exposed  surface 
presented.  The  amount  of  this  corrosion  is  more  or  less  indeter¬ 
minate  since  the  plates  are  difficult  to  inspect  and  measurements 
to  determine  the  amount  of  corrosion  are  practically  impossible 
to  take. 

In  Professor  Spofford’s  treatment  of  the  proper  distribution 
of  loads  due  to  the  continuitv  of  certain  floor  members,  he  has 
gone  into  a  somewhat  lengthy  derivation.  The  problem  is  decid¬ 
edly  indeterminate  owing  largely  to  the  uncertainty  of  the  sup¬ 
ports,  but  by  making  the  same  assumptions  as  given  in  the  paper 
the  problem  becomes  quite  clear  by  simply  equating  deflections. 
Given  a  total  load  P  placed  over  a  given  tie,  and  assume  that  a 
certain  portion  R  of  this  load  is  distributed  through  the  planking 
to  each  adjacent  tie.  Then  the 


Total  deflection  of  given  tie  =  — - -  ^ 

4&EiI  i 

RJL, 3 

Total  deflection  of  adjacent  tie  =  -  ■ ■ 

48EJ1 


Total  deflection  of  planking  = 


2RV 


4SEI 

in  which  L  —  2  times  tie  spacing. 

The  foregoing  formulas  can  be  taken  from  any  structural 


handbook. 
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Now  the  deflection  of  the  planking  equals  the  deflection  of 
the  given  tie  minus  the  deflection  of  the  adjacent  tie,  troin  which 
relationship  R  can  readily  be  found  in  terms  of  P  and  the  amount 
of  distribution  through  the  planking  determined.  The  foregoing 
solution  is  simple  and  direct.  If  desired,  the  effect  of  wide  tires 
may  be  taken  into  account  in  the  equation  for  plank  deflection. 

The  question  of  the  design  of  wooden  beams  for  horizontal 
shear  loaded  with  a  single  concentrated  load  is  one  that  has  not 
been  given  adequate  study  by  structural  engineers.  The  paper 
gives  a  table  of  unit  stresses  as  specified  bv  the  Massachusetts 
Public  Service  Commission,  in  which  a  value  as  low  as  120  lb. 
per  sq.  in.  in  horizontal  shear  along  the  grain  is  used.  If  a  single 
heavy  concentrated  load  is  placed  close  to  the  end  of  a  highway 
bridge  stringer  or  tie  and  the  maximum  horizontal  shear  com¬ 
puted,  extremely  high  values  in  horizontal  shear  will  result,  bear¬ 
ing  in  mind  too  that  little  or  no  lateral  distribution  obtains  owing 
to  the  small  deflection  of  the  tie  with  a  concentration  near  its  sup¬ 
ports ;  yet  under  these  conditions  beams  seldom  if  ever  fail  in 
horizontal  shear.  With  a  concentration  placed  near  the  support 
of  a  beam  (the  maximum  condition  of  loading  for  computing 
shear)  the  value  of  a  beam  to  resist  horizontal  shear  is  materially 
increased  due  to  a  local  compression  of  the  fibres,  which  reduces 
their  tendency  toward  horizontal  slipping  one  upon  the  other. 
For  this  condition  of  loading  120  lb.  per  sq.  in.  appears  to  be  too 
low. 


Extensive  tests  have  been  made  to  determine  the  value  of 
beams  in  horizontal  shear  and  it  has  been  found  that  long  leaf 
yellow  pine  beams  fail  at  an  average  of  about  300  lb.  per  sq.  in. 
All  these  tests  have  been  made  with  concentrations  applied  at  the 
third  point  of  the  beam  span,  thus  permitting  considerable  deflec¬ 
tion  of  the  sticks,  a  very  necessary  factor  in  producing  horizontal 
shear  failure,  but  no  tests  were  made  with  the  loads  near  the  re¬ 
actions  to  determine  the  manner  of  failure  under  such  conditions. 
We  have  made  a  few  tests  along  this  line  the  results  of  which  are 
tabulated  in  the  accompanying  table.  These  tests  show  that  the 
beam  tested  with  the  load  applied  about  one  foot  from  the  sup¬ 
port  would  not  have  failed  in  shear,  but  by  a  cross-grain  crushing. 
The  horizontal  shear  figured  extremely  high  under  such  a  condi¬ 
tion  of  loading  with  no  sign  of  horizontal  shear  failure,  yet  with 
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the  load  applied  at  the  third  point,  a  horizontal  shear  failure  was 
easily  produced. 


RESULTS  OF  TESTS 


End 

Tested 

Total 

Load 

Applied 

W 

Unit  Stresses  Developed 

REMARKS 

X-Grain 
Bearing 
U  nder 
Load 

Bending 

Comp’t’d 
Max. 
Horiz. 
End  Shear 

lb. 

lb.  per 
sq.  Iil 

lb.  per 
s q,in. 

lb.  per 
sq.  in. 

1st  Position 

Perfect .  .  . 

40,000 

1210 

±3500 

865 

Beam  showed  some  deflection  but  no 
apparent  shear  or  bending  distress. 
Considerable  stress  in  X-grain  bear’g. 

Checked .  . 

40,600 

1260 

±3700 

910 

Beam  showed  distress  in  X-grain 
crushing,  the  bearing  plates  crushing 
themselves  into  the  timber 

e 

o 

■5 

o 

Perfect.  .  . 

40,000 

1210 

±8400 

675 

Beam  deflected  considerably  and 
gave  every  evidence  that  it  was  on 
the  point  of  failing  by  horizontal  shear 

Ch 

Cl 

Checked .  . 

30,750 

955 

±6700 

538 

Beam  failed  in  horizontal  shear. 

Notes:  Beams  10  ft.  6  in.  long,  10  ft.  center  to  center  of  supports. 
Loads  applied  on  bearing  plates  6-inches  wide. 

First  Position:  Load  applied  11  ^-inches  from  support. 

Second  Position:  Load  applied  2  ft.  11  in.  from  support. 

The  maximum  horizontal  shear  computed  from  the  formula 


in  which 

5  =  total  vertical  shear. 

A  =  area  of  cross  section. 

It  is  hoped  that  a  series  of  tests  will  soon  be  made  which  will 
determine  about  the  least  distance  from  a  support  that  a  concen¬ 
trated  load  can  be  placed  and  a  horizontal  shear  failure  result, 
and,  at  about  what  unit  stresses  failure  will  take  place. 

It  is  noted  in  the  quoted  table  of  unit  stresses  as  adopted  by 
the  Massachusetts  Public  Service  Commission  that  impact  is  in¬ 
cluded.  This  does  not  appear  to  be  good  practice.  Impact  is 
seldom  figured  in  designing  wood  beams  under  the  conservative 
unit  stresses  as  given  in  this  table.  The  modulus  of  elasticity  of 
wood  is  low  which  means  that  beams  must  deflect  considerably 
before  unit  stresses  of  any  proportion  obtain  and  suddenly  applied 
loads  seldom  produce  the  condition  of  maximum  deflection .  In 
the  testing  of  wood  beams  the  rate  of  applying  the  load  is  an  im¬ 
portant  element  and  must  be  kept  slow  and  uniform  for  under 
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sudden  loadings  such  beams  will  carry  extremely  heavy  loads 
without  failure. 


Mr.  John  E.  Carty :*  With  reference  to  the  very  heavy 
loads  which  occasionally  go  over  bridges  it  does  not  seem  reason¬ 
able  to  design  bridge  floors  strong  enough  to  accommodate  them 
and  thereby  entail  considerable  additional  expense  to  the  com¬ 
munity  for  a  load  which  may  come  very  seldom  and  may  pass 
over  but  one  bridge;  it  would  seem  fair  that  the  private  patties 
interested  in  the  transportation  of  such  a  load  should  bear  the 
necessary  expense  of  so  distributing  it  over  a  br idge  as  to  make 
the  latter  safe. 

In  addition  to  state  laws  bearing  on  the  question  of  loads 
certain  traffic  regulations  are  established  in  Boston  by  the  Board 
of  Street  Commissioners  in  which  certain  clauses  prescribe  limits 
to  size  of  vehicles  and  weight  of  loads.  I  he  clauses  aie  as  tollo\\>  . 


Section  2.  No  person  shall  drive  or  convey  through  any  public  street 
any  vehicle  the  width  of  which,  with  its  load,  exceeds  ten  feet,  except  in 
accordance  with  a  permit  from  the  Board  of  Street  Commissioners. 

Section  3.  No  person  shall,  in  any  public  street,  use  am  truck  or 
drav,  the  length  whereof  from  the  end  of  the  shaft  to  the  extreme  end  of 
the' side,  shall  be  greater  than  24  feet  6  inches,  or  motor  vehicles  of  a 
greater  length  than  26  feet,  except  in  accordance  with  a  permit  from  the 
Board  of  Street  Commissioners. 

Section  4.  No  person  shall  carry,  or  cause  to  he  carried,  on  any 
vehicle  in  anv  public  street,  a  load  the  weight  of  which  exceeds  six  tons 
unless  such  load  consist  of  an  article  which  cannot  he  divided,  except  in 
accordance  with  a  permit  from  the  Board  of  Street  Commissioner^. 


From  personal  observation  the  writer  does  not  believe  that 
much  attention  is  paid  to  the  provisions  in  Section  4,  fixing  a  limit 
of  loading  at  six  tons. 

In  regard  to  stone  block  pavement  it  can  be  said  that  no 
trouble  has  been  experienced  in  its  use,  save  at  expansion  joints 
in  the  floor  below.  At  the  expansion  joints  in  the  Cambridge 
Bridge  mentioned  by  Prof.  Spofford,  the  pavement  has  been  taken 
up  and  re-laid  during  the  past  year  owing  to  the  depressions  at 
these  joints  due  either  to  the  stretching  of  the  copper  or  compact¬ 
ing  of  the  sand  at  the  joint  or  both.  As  the  pavement  has  been 

•Bridge  and  Ferry  Division,  Department  of  Public  Works.  Boston. 
Mass. 


820  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 

in  use  since  1906  it  will  be  seen  that  making  occasional  repairs 
at  the  expansion  joints  is  not  a  costly  maintenance  charge. 

The  writer  agrees  with  Prof.  Spofford  that  wood  block 
pavement  seems  to  be  especially  suitable  for  bridges.  On  Massa¬ 
chusetts  Avenue  bridge  over  the  Boston  &  Albany  Railroad,  in 
Boston,  a  wood  block  pavement,  laid  in  1908  with  a  thin  cement 
bed  on  a  still  plank  floor,  is  still  in  excellent  condition,  after  en¬ 
during  a  large  amount  of  traffic. 

On  Huntington  Avenue  bridge  a  brick  block  pavement  laid  in 
1909  with  a  thin  sand  bed  on  a  stiff  concrete  floor,  is  now  in  such 
condition  that  it  should  be  entirely  re-laid.  It  stood  the  traffic 
very  well  until  about  a  year  ago,  and  since  then  has  needed  con¬ 
siderable  patching.  Traffic  conditions  on  these  two  bridges  are 
very  similar  and  the  wood  block  pavement  is  much  the  better 
despite  its  greater  first  cost. 

Prof.  C.  M.  Spofford:*  The  writer  is  gratified  with  the 
amount  of  discussion  which  his  paper  has  brought  forth  and  notes 
with  interest  the  diversity  of  opinion  expressed  upon  some  of  the 
points  presented. 

The  feature  which  has  apparently  created  the  most  opposition 
is  the  opinion  expressed  in  the  paper  that  wood-block  pavement 
should  not  be  laid  directly  on  a  yellow  pine  sub-planking  or  other 
hard  substance  because  of  the  variation  in  thickness  of  blocks, 
and  references  are  made  to  specifications  in  foreign  cities  per¬ 
mitting  such  construction,  and  to  successful  examples  of  such 
paving  on  various  bridges  in  this  country. 

So  far  as  the  laying  of  wood  block  paving  directly  on  plank- 
floors  is  concerned,  the  writer  would  like  to  point  out  that  unless 
the  planking  is  itself  uniform  in  thickness,  which  is  unlikely  to 
be  the  case,  the  combined  effect  of  irregularity  in  planks  and  in 
blocks  may  result  in  a  floor  that  is  decidedly  irregular.  The 
mastic  layer  mentioned  in  the  paper  is  not  expensive  and  makes 
it  possible  to  overlook  inaccuracies  in  the  planking  and  paving 
which  would  otherwise  give  trouble. 

With  respect  to  pavements  in  foreign  cities,  the  writer  being 
uninformed  as  to  the  accuracy  with  which  wood  blocks  can  be 
obtained  in  Europe,  is  not  prepared  to  admit  that  the  same  condi- 


♦Author’s  closure. 
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tions  apply  as  are  met  with  in  this  country.  It  should  he  noted 
that  the  Liverpool  specifications  for  wood  blocks  cpioted  by  Mr. 
Sprague  require  that  the  blocks  should  be  absolutely  accurate  in 
size,  while  the  specifications  for  wood  blocks  quoted  in  the  paper 
for  the  cities  of  Pittsburgh,  Philadelphia  and  Boston  all  allow  a 
variation  of  1  16  inch  in  depth. 

The  writer  wishes  to  differ  from  Mr.  Sprague  in  his  opinion 
that  bridges  should  always  be  of  the  same  width  as  the  streets 
which  they  carry,  and  would  suggest  that  while  this  is  doubtless 
a  correct  attitude  to  take  for  bridges  in  outlying  districts  where 
street  traffic  is  uninterrupted  by  vehicles  standing  at  the  curb,  or 
by  traffic  from  cross  streets,  it  does  not  seem  economically  justi¬ 
fiable  for  expensive  bridges  carrying  city  streets. 

Mr.  Sprague’s  statement  that  public  service  corporations  and 
other  parties  habitually  imposing  exceptionally  heavy  loads  on 
bridges  should  pay  a  part  of  their  cost  seems  entirely  proper. 
Such  a  practice  actually  obtains  in  Massachusetts  where  street 
railway  companies  are  commonly  assessed  with  a  portion  of  the 


cost  of  new  highway  bridges  over  which  they  wish  to  operate. 
For  further  information  covering  this  subject,  readers  are  refer¬ 
red  to  a  paper  by  the  Author  entitled  “Apportionment  of  Cost  of 
Highway  Bridges  Between  Street  Railways  and  Cities,”  pre¬ 
sented  before  the  Western  Society  of  Engineers,  and  printed  in 
the  May,  1915,  issue  of  the  Journal  of  that  Society. 

Air.  Morse’s  opinion  that  timber  sub-planking  should  be 
tongued  and  grooved  in  order  to  permit  the  laying  of  satis t acton 
waterproofing  is  not  borne  out  by  actual  experience  in  Boston, 
where  waterproofing  laid  on  unmatched  timber  sub-planking 
under  specifications  of  the  same  general  form  as  those  quoted 
under  the  heading  “Supports  for  Wearing  Surfaces  has  in  all 
cases  given  extremely  satisfactory  results  over  many  years  oi 


service. 

The  writer  quite  agrees  with  Mr.  Morse  in  his  advocacy  of 
the  desirability  of  furnishing  drainage  for  bridge  floors  and  would 
call  attention  to  the  fact  that  all  cross-sections  illustrated  by  the 
Plates  accompanying  the  paper  show  crowned  roadways  with 
ample  provision  for  drainage  at  the  curbs. 
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With  respect  to  the  probable  clanger  of  fire  upon  paved 
bridge  floors  with  yellow  pine  sub-planking  protected  by  water¬ 
proofing,  the  writer  would  like  to  emphasize  the  test  of  such  a 
floor  mentioned  in  the  paper,  and  to  say  that  he  had  supposed  the 
fire-resisting  qualities  of  a  construction  such  as  that  suggested, 
which  is  practically  of  the  slow-burning  mill  type,  had  been  so 
well  established  as  to  need  no  further  argument  here. 

The  Belle  Isle  bridge  mentioned  by  Mr.  Danforth,  according 
to  a  plan  in  the  possession  of  the  writer,  had  4  in.  by  12  in.  wooden 
stringers  carrying  a  4  in.  plank  floor  upon  which  3p2  in.  paving 
blocks  were  laid  directly.  The  origin  of  the  fire  has  never  been 
definitely  determined,  although  there  is  some  suspicion  that  it  was 
incendiary.  It  does  not  seem  as  if  this  one  example  of  a  disastrous 
bridge  fire  should  be  allowed  to  offset  the  long  experience  and 
severe  tests  of  the  floors  recommended  in  this  article  and  success¬ 
fully  used  for  so  long  in  Boston,  and  it  would  seem  to  him  that 
the  danger  of  disastrous  fires  on  wood-block  pavements  in  city 
streets  is  nearly  as  great  as  in  bridge  floors  of  this  character. 

Mr.  Godfrey  is  quite  right  in  calling  attention  to  the  import¬ 
ance  of  providing  for  cantilever  stress  in  the  connections  between 
sidewalk  brackets  and  floor  beams.  Thoroughly  satisfactory 
methods  of  doing  this  are  adopted  in  Boston  bridges,  but  it  seemed 
undesirable  to  emphasize  this  feature  in  the  various  drawings  and 
in  consequence,  details  of  these  connections  do  not  appear  in  the 
illustrations. 

The  writer  is  not  yet  ready  to  sanction  the  use  of  concrete 
slabs  as  wearing  surfaces  either  for  bridge  floors  or  for  roadway 
surfaces,  at  least  for  conditions  such  as  occur  in  the  more  northern 
cities  where  there  is  much  frost.  He  believes  that  such  surfaces 
are  still  in  the  experimental  stage.  Concrete  slabs,  however,  have 
their  place  in  small  bridges  and  the  discussion  on  this  subject 
offered  by  Professor  Davis  is  interesting  and  very  valuable. 

Mr.  Byrne  suggests  that  the  standard  width  of  bridge  road¬ 
ways  should  be  a  factor  of  17  ft.  and  cites  the  16  ft.  9  in.  width 
of  roadway  of  the  Brooklyn  bridge  as  an  illustration.  The  writer 
is  afraid  he  cannot  agree  with  Mr.  Byrne  entirely,  as  he  thinks 
17  ft.  is  too  narrow  for  a  roadway  for  two  lines  of  vehicles, 
especially  under  conditions  of  mixed  traffic  traveling  at  varying 
speeds. 
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Some  years’  residence  in  Brooklyn  with  frequent  trips  across 
Brooklyn  bridge  in  carriages,  motor  cars  and  street  cars  convinced 
him  that  the  bridge  roadways  were  not  wide  enough,  in  spite  of 
the  fact  that  the  traffic  on  each  roadway  is  in  the  same  direction, 
thereby  permitting  better  handling  than  would  be  the  case  with 
a  roadway  where  traffic  passes  in  both  directions.  I  he  writer  be¬ 
lieves  that  for  a  double  roadway  carrying  vehicles  only,  the 
proper  width  between  curbs  should  be  little,  if  any,  less  than 
19  ft.,  and  that  this  width  should  be  increased  to  about  21  ft.  in 
case  provisions  are  also  to  be  made  for  two  lines  of  street  cars. 

The  tables  accompanying  the  paper  give  the  widths  of 
vehicles  of  various  classes  and  show  that  an  overall  width  of  8  ft. 
is  not  unusual  for  either  horse-drawn  vehicles  or  motor  trucks, 
while  the  former  some  times  reaches  a  width  as  much  as  10.83  ft. 
In  view  of  these  widths,  it  would  seem  as  if  19  ft.  between  curbs 
is  about  right  to  furnish  reasonable  clearance  for  a  city  roadway 
carrying  two  lines  of  traffic  in  either  direction.  The  fact  that 
such  a  width  is  none  too  great  is  indicated  by  Fig.  12  of  Northern 
Avenue  bridge,  Boston,  in  which  the  roadway  shown  is  18  ft.  9  in. 
between  curbs. 

Fig.  14  shows  the  conditions  existing  on  a  roadway  21  ft.  3  in. 
between  curbs  carrying  a  double-track  street  railway. 

Where  four  lines  of  traffic  are  to  be  carried,  it  is  not  neces¬ 
sary  to  double  the  above  widths,  because  of  the  greater  flexibility 
provided  by  the  wider  roadway.  A  width  of  35  ft.  is  ample  for 
such  a  roadway  without  street  cars,  while  40  ft.  is  reasonable  if 
provision  is  to  be  made  for  a  double-track  street  car  line. 

Greater  widths  than  above  for  bridge  floors  should  be  adopted 
only  after  careful  consideration  of  the  particular  problem,  and 
standard  widths  cannot  readily  be  assigned  inasmuch  as  the  capac¬ 
ity  of  a  wide  roadway  is  considerably  greater  than  that  of  two 
narrow  roadways  of  equal  total  width  owing  to  its  greater  flexi¬ 
bility.  Attention  should  be  called,  however,  to  the  tremendous 
traffic  capacity  of  a  55  ft.  street  like  Fifth  Avenue,  New  \ork, 
one  of  the  busiest  streets  in  the  world,  and  to  the  fact  that  its 
increase  in  width  from  40  ft.  to  55  ft.  is  said  to  have  increased  its 
capacity  50  percent.  The  capacity  of  such  a  roadway  when  free 
from  street  cars,  and  when  traffic  on  it  is  uninterrupted  by  the 
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delays  resulting  from  cross-street  currents  and  from  vehicles 
standing  at  the  curb  would  probably  be  far  in  excess  of  the  vehicle 
traffic  now  crossing  any  bridge  in  the  United  States. 

A  roadway  50  ft.  between  curbs  gives  room  for  four  lines  of 
traffic  in  all,  including  a  double-track  street  railway,  with  ample 
additional  space  for  vehicles  standing  at  the  curb.  This  is  clearly 
shown  by  observation  on  Boylston  Street,  Boston,  which  the 
writer  is  able  to  make  frequently  from  his  office  windows.  This 
street  is  one  of  the  important  east  and  west  arteries  of  Boston, 
but  never  shows  signs  of  congestion  in  the  portion  of  the  street 
having  this  width,  although  in  a  narrower  portion  a  short  distance 
away,  there  is  congestion  at  certain  hours.  There  is,  however, 
practically  no  heavy  trucking  on  this  street  and  if  such  existed 
additional  width  might  be  required. 

Mr.  Moore  calls  attention  to  an  error  in  the  paragraph  relat¬ 
ing  to  distribution  of  loads  by  street  car  rails.  The  wrong  para¬ 
graph  from  the  specifications  was  accidentally  copied  and  printed 
in  the  advance  copy.  This  error  will  be  corrected  in  the  paper 
as  finally  printed.  He  also  refers  to  the  fact  that  the  Massachu¬ 
setts  Public  Service  Commission  does  not  specify  that  the  distance 
center  to  center  of  electric  railway  tracks  should  be  9.71  ft.  The 
criticism  that  this  figure  is  not  actually  specified  by  the  Public 
Service  Commission  is  correct.  It  is,  however,  the  distance  actu¬ 
ally  used  in  the  City  of  Boston  and  corresponds  to  a  distance  of 
5  ft.  between  gauge  lines  of  inner  rails  which  was  adopted  as  a 
standard  in  Boston  some  years  ago,  replacing  the  former  stan¬ 
dard  of  4  ft.  6  in.  The  writer  understands  that  the  change  was 
made  to  conform  to  the  wishes  of  the  Massachusetts  Railway 
Commission,  which  body  was  succeeded  by  the  Public  Service 
Commission  several  years  ago. 

M  essrs.  Manville  and  Gastmeyer  mention  the  fact  that  of 
the  total  sales  in  New  York,  of  motor  trucks  having  a  total  weight, 
loaded,  of  ten  tons,  over  seventy  percent  was  for  up-state  use. 
Doubtless  many  of  these  trucks  were  for  use  in  the  larger  cities 
like  Buffalo,  Rochester  and  Syracuse,  where  one  would  expect 
nearly  as  heavy  traffic  as  in  New  York  City,  and  bridges  would  be 
designed  accordingly.  It  would  have  been  interesting  if  the  total 
number  of  sales  upon  which  these  figures  were  based  had  been 
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The  same  writers  have  called  attention  to  the  well-known 
method  of  determining  the  distribution  of  loads  over  two  elastic 
members  by  equating  deflections.  The  writer  has  frequently  used 
this  for  a  case  such  as  that  cited,  but  his  own  demonstration  goes 
further  in  giving  the  effect  of  a  load  which  is  not  placed  directly 
over  the  tie.  In  other  words,  it  is  a  much  more  general  solution 
although  it  only  furnishes  another  step  in  the  direction  of  a  com¬ 
plete  theoretical  solution  of  this  problem. 

TABLE  No.  6 

RESULTS  OF  TESTS  UPON  YELLOW  PINE  TIMBERS— SIZE  6"  by  6” 

Made  at  Massachusetts  Institute  of  Technology 


No. 

Test 

Span 

Length 

Over¬ 

hang 

Breaking 

Load 

Fibre 

Stress 

Intensity 
of  Shear 

Method  Condition 
of  Failure  of  Wood 

1 

O'-O" 

lO'-O" 

0" 

25760 

S5S0 

537 

Tension  i  No  knots 

2 

« 

a 

U 

29300 

9770 

610 

“  Knots 

3 

a 

‘ 

U 

30000 

10000 

627 

“  1  No  knots 

4 

8'-6" 

9'-0" 

3" 

23950 

7000 

500 

«  I  «  « 

5 

U 

a 

2.5400 

7400 

535 

*  1  Knots 

6 

8'-0" 

lO'-O" 

12" 

39130 

9780 

815 

No  knots 

7 

a 

8'-9" 

39200 

9800 

817 

Shear  No  knots 

8 

u 

8'-6" 

3" 

32000 

8000 

670 

**  ^  * 

9 

a 

“ 

“ 

32400 

8100 

675 

Tension  Knots 

10 

u 

“ 

24000 

6000 

500 

«  |  “ 

11 

u 

U 

- = - 

29200 

7290 

607 

Shear  No  knot* 

12 

a 

“ 

“ 

25100 

6280 

523 

Tension  Knots 

13 

7 '-6" 

8'-6" 

6" 

29200 

6140 

614 

Shear  No  knot- 

14 

a 

u 

“ 

36000 

7530 

753 

“  1  Knots 

15 

a 

u 

“ 

32000 

6710 

671 

Tension 

16 

a 

u 

“ 

44000 

9160 

916 

a  |  « 

17 

u 

8'-o" 

3" 

1S850 

3930 

393 

Shear  |Soft  heart 

18 

u 

a 

M 

32500 

6780 

678 

Tension  |  Knots 

19 

u 

a 

U 

29700 

6230 

623 

Sh.  &  Ts. 

20 

a 

a 

U 

29400 

6190 

619 

Crushing  Wetd  Knots 

21 

a 

a 

U 

35500 

7450 

745 

Sh.  it  Ts.  Knots 

22 

a 

u 

U 

29100 

6120 

612 

Tension  i  Dry  Rot 

23 

7'-0" 

S'-O" 

6" 

35500 

5910 

738 

No  knots 

24 

U 

a 

“ 

24300 

4050 

506 

“  |  Knots 

25 

u 

^1 

i 

4" 

42700 

7120 

891 

Shear 

26 

u 

u 

U 

46200 

7710 

963 

Sh.  it  Ts. 

27 

a 

u 

U 

38700 

6450 

806 

Lge. Sliver  No  knots 

28 

u 

7'-6" 

3" 

36200 

6330 

754 

Shear  Few  knots 

29 

u 

a 

U 

36400 

6070 

759 

Sh.  it  Ts. 

30 

a 

u 

u 

31400 

5230 

655 

Tension  |  Dry  Rot 

31 

a 

u 

a 

41900 

7000 

S70 

Shear  No  knots 

32 

a 

u 

a 

60000 

8850 

1150 

“  - 

33 

a 

u 

u 

43100 

7250 

900 

Tension  | 

34 

6'-6" 

lO'-O" 

l'-9" 

60000 

7500 

1250 

No  failure  l  “ 

35 

a 

8'-9" 

l'-8" 

&  7" 

60000 

7500 

1250 

*  |  -  • 

REMARKS — The  span  length  was  varied  from  6'-6"  to  9'-0".  The  cross  section  was 
6"x6"  except  for  test  No.  32,  that  being  6.14"x6l4".  Loads  were  applied  o'-O"  apart,  this 
being  approximately  the  distance  center  to  center  of  rails. 
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Messrs.  Manville  and  Gastmeyer  have  also  called  attention 
to  the  importance  of  horizontal  shear  in  beams  and  gives  some 
interesting  tests.  Some  years  ago  tests  were  made  under  the 
writer’s  direction  by  J.  B.  Babcock,  3rd,  and  A.  B.  Henderson, 
at  that  time  students  at  the  Massachusetts  Institute  of  Technology, 
upon  the  strength  of  beams  loaded  in  the  manner  of  railroad  ties. 
These  tests  were  suggested  by  the  writer  in  order  to  ascertain  if 
there  was  not  considerable  reinforcing  influence  in  such  beams 
resulting  frojn  the  long  stretch  of  unstressed  (in  shear)  beam  be¬ 
tween  supports. 

The  load  was  applied  by  means  of  iron  blocks  at  two  points 
symmetrically  located  with  respect  to  the  center  of  the  beam  and 
5  ft.  between  centers.  The  timber  used  was  not  especially  good, 
being  in  some  cases  cross-grained  and  full  of  knots. 

The  result  of  these  tests  are  shown  in  full  in  Table  6.  It  will 
be  noticed  that  many  of  the  beams  failed  by  so-called  tension  fail¬ 
ures.  These  failures  began,  as  a  rule,  at  the  lower  fiber  of  the 
beam  and  extended  diagonally  upward  towards  the  end  of  the 
beam.  The  fiber  stresses  given  in  the  table  were  computed  by  the 
ordinary  beam  formulas,  viz., 


/  =  and  v 

J  I 


3  V 
2  A 


These  tests  would  seem  to  indicate  that  the  shearing  resist¬ 
ance  of  such  beams  is  considerably  greater  than  is  ordinarily  con¬ 
sidered. 


IMPROVEMENTS  IN  THE  ART  OF 
MECHANICAL  FI LTRATK >N 


By  Thos.  Fleming,  Jr.* 

Mechanical  filtration  or  rapid  sand  filtration  as  it  is  some¬ 
times  called,  is  an  American  invention  and  first  made  its  ap¬ 
pearance  in  1884.  Previous  to  this,  the  European  method  of 
slow  sand  filtration  had  been  introduced  in  this  country  at 
several  places  and  was  accepted  generally  as  the  only  method 
of  properly  filtering  a  public  water  supply  on  a  large  scale. 
This  method  involved  large  areas  of  artificial  sand  beds  which 
were  quite  expensive  in  construction  and  were  beyond  the 
means  of  many  of  the  small  communities  and  paper  mills 
which  were  beginning  at  this  time  to  demand  filtered  water 
supplies  for  contaminated  and  muddy  water.  The  mechanical 
system,  as  proposed,  consisted  of  small  tubs  or  tanks  usually 
containing  a  three  foot  bed  of  sand  through  which  the  water 
was  passed  at  a  high  rate  of  filtration  after  it  had  been  treated 
with  a  coagulating  chemical.  This  chemical  was  added  to  the 
raw  water  before  reaching  the  filter  and  formed  immediately 
an  artificial  gelatinous  film  over  the  surface  of  the  sand,  there¬ 
by  collecting  most  of  the  foreign  material  on  the  surface  and 
preventing  a  clogging  of  the  filter.  These  filters  were  cleaned 
at  frequent  periods  by  reversing  the  current  of  water  through 
the  manifold  in  the  bottom  of  the  filter  and  washing  the  col¬ 
lected  suspended  matter  out  of  a  waste-way  near  the  top. 

During  the  next  ten  years  after  the  appearance  of  this 
type  of  filter,  quite  a  few  of  these  plants  were  installed  mostly 
for  paper  mills  and  small  towns.  The  results  obtained  ap¬ 
peared  to  be  more  those  of  clarification  than  purification  and 
there  does  not  appear  to  have  been  much  study  in  scientific 
operation.  It  was  mainly  a  commercial  proposition  floated  by 
private  Companies  under  the  Hyatt  patents  with  no  expert 

*Of  Chester  &  Fleming,  Hydraulic  and  Sanitary  Engineers.  Pitts¬ 
burgh. 
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supervision  as  to  the  operation  or  results  obtained,  and  the 
result  was  that  many  of  the  plants  proved  unsatisfactory  and 
this  type  of  filtration  was  regarded  as  a  cheap  makeshift 
method  to  be  used  only  when  the  cost  of  the  slow  sand  system 
rendered  it  prohibitive. 

The  facility  with  which  clarification  could  be  obtained  by 
this  method  and  the  comparative  expense  and  difficulty  of 
accomplishing  the  same  result  by  any  other  method,  led,  how¬ 
ever,  to  the  installation  of  this  type  of  filter  plant  in  quite  a 
few  important  towns.  Atlanta,  Little  Rock,  Saint  Joseph, 
Chattanooga  and  Shreveport  are  typical  examples  of  mechan¬ 
ical  filter  plants  installed  between  1890  and  1900,  following  the 
decade  of  initial  commercial  installations.  These  plants  were 
built  without  settling  basins  along  the  lines  of  the  first  instal¬ 
lations  and  it  was  soon  found  that  they  could  not  handle  the 
water  in  these  localities  during  periods  of  high  turbidity. 
These  plants  with  the  exception  of  Atlanta  were  owned  by  a 
private  corporation,  which  made  efficiency  its  highest  aim  in 
operation  and  experiments  were  immediately  started  in  settling 
the  water  so  as  to  reduce  the  load  on  the  filters.  It  was  found 
that  coagulated  water  could  be  effectively  settled  in  compara¬ 
tively  short  periods  of  time,  thereby  greatly  reducing  the  load 
on  the  filters  during  periods  of  high  turbidity,  and  adequate 
settling  basins  were  soon  added  to  all  of  these  plants,  making 
them  pioneers  among  the  successful  mechanical  filter  plants. 
Following  the  success  obtained  at  these  places,  similar  plants 
with  adequate  sedimentation  facilities  were  installed  at  Bir¬ 
mingham,  Ala.,  and  East  St.  Louis. 

In  the  following  decade,  from  1900  to  1910,  several  of  the 
larger  cities  of  this  country,  notably  Louisville,  Pittsburgh 
and  Cincinnati  along  the  Ohio  River,  conducted  a  series  of 
extensive  experiments  as  preliminary  to  installing  filtration 
plants  for  their  public  water  supplies,  and  these  experiments 
coupled  with  the  results  that  were  being  obtained  at  Atlanta, 
Saint  Joseph,  Little  Rock,  Chattanooga  and  Shreveport  revo¬ 
lutionized  the  design  of  mechanical  filters.  The  waters  which 
these  plants  were  handling  had  a  wide  range  in  turbidity  and 
chemical  composition  such  as  it  is  impossible  to  obtain  with 
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waters  from  most  of  the  New  England  streams  where  the 
earlier  installations  of  mechanical  filters  were  made.  The  value 
of  sedimentation,  method  of  coagulation,  control  and  equip¬ 
ment  of  filters,  were  worked  out  for  the  first  time  under 
trained  experts  through  a  long  period  of  extended  experiments 
under  varying  conditions,  and  the  result  was  that  fundamental 
principles  were  established  for  the  successful  operation  of  this 
type  of  filter. 

In  Folwell’s  well  known  book  on  “Water  Supply”  issued 
in  1900,  we  find  the  following  statements  concerning  filtration  : 

“The  efficiency  of  English  sand  filtration  is  thought  to  be  exceeded 
by  that  of  no  other  system.  *  *  *  For  removing  bacteria  and  other 

organic  matter,  English  filters  give  the  best  results  ;  although  mechanical 
filters  with  coagulation  have  given  an  efficiency  only  one-half  to  two  per¬ 
cent  less.  But  the  possibility  of  occasional  serious  lapses  in  full  efficiency 
is  greater  with  mechanical  than  with  English  filters.” 

Several  of  the  other  authorities  took  this  same  attitude, 
and  generally  speaking,  slow  sand  filtration  was  looked  on  as 
the  only  highly  efficient  method  of  filtration  at  this  time.  This 
is  not  strange  considering  the  conditions  under  which  mechan¬ 
ical  filters  had  been  developed  and  also  the  fact  that  slow  sand 
filters  had  been  in  successful  use  in  England  and  on  the  con¬ 
tinent  for  some  time. 

It  is  an  interesting  fact  that  in  1900,  less  than  two  million 
people  in  America  were  supplied  with  filtered  water,  while 
today  we  have  approximately  twenty  million  people  supplied 
and  of  this  number,  fourteen  million  or  two-thirds  of  the  people 
supplied  by  filtered  water  obtained  it  from  mechanical  filters. 
The  increase  in  the  ratio  supplied  by  this  system  has  been  most 
rapid  in  the  last  ten  years.  In  1900,  there  were  less  than  one 
and  a  half  million  people  supplied  by  this  method ;  in  1910,  this 
was  increased  to  seven  million,  while  in  the  last  five  years,  the 
increase  has  been  100  percent  and  there  are  now  approximately 
six  hundred  mechanical  filter  plants  in  the  United  States. 

Notable  among  the  larger  cities  which  have  recently  in¬ 
stalled  mechanical  filter  plants  are  Erie,  St.  Louis,  Baltimore 
and  Minneapolis.  Out  of  the  one  hundred  filtration  plants  for 
public  water  supplies  in  Pennsylvania,  all  but  Philadelphia, 
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Fig.  1.  Filter  Plant  of  the  South  Pittsburgh  Water  Company, 
Showing  Settling  Basins  in  Foreground. 


Pittsburgh,  Reading  and  three  or  four  small  towns  are  sup¬ 
plied  by  mechanical  filters.  In  the  Pittsburgh  District  we  find 
twenty  mechanical  filtration  plants  supplying  over  a  half  mil¬ 
lion  people  within  a  radius  of  forty  miles.  Of  these,  the  plants 
of  the  Pennsylvania  Water  Co.  at  Wilkinsburg,  supplying  the 
suburban  district  from  the  East  end  city  limits  to  Trafford 
City;  and  the  South  Pittsburgh  Water  Co.’s  plant,  supplying 
the  suburban  district  on  the  South  side  of  the  City  from 
McKees  Rocks  to  Homestead,  together  supply  nearly  two 
hundred  thousand  people,  who  may  be  classed  as  Pittsburgh¬ 
ers.  They  are  modern  up-to-date  plants  and  are  giving  a  high 
rate  of  efficiency.  A  general  view  of  the  South  Pittsburgh 
Water  Company’s  filter  plant  and  pumping  station  is  given  in 

Fig-  I-  . 

While  the  experimental  work  of  trained  specialists  in  the 
last  decade  has  placed  this  method  on  a  sound  basis,  yet  its 
success  must  be  attributed  to  a  great  extent  to  the  develop¬ 
ment  in  the  design  of  these  filters  and  to  the  scientific  control 
of  operation.  Municipalities  were  loath  to  consider  filter 
plants  of  this  type  as  long  as  they  were  controlled  by  a  basic 
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patent,  but  when  the  Hyatt  patents  expired  in  1901,  it  opened 
up  the  field  of  competition  and  it  was  possible  to  prepare  a 
design  on  which  competition  could  he  secured.  Then,  too,  it 
was  discovered  that  mechanical  filtration,  in  addition  to  being 
cheaper  in  first  cost  and  operating  cost  than  slow  sand  filtra¬ 
tion,  was  better  adapted  to  a  wide  range  of  conditions,  and 
with  water  containing  a  large  amount  of  fine  suspended  matter 
could  be  used  with  success  where  the  slow  sand  filter  would 
be  doomed  to  complete  failure. 

It  is  not  the  intention  to  convey  the  impression  that 
mechanical  filters  will  entirely  supersede  slow  sand  filters,  for 
there  are  certain  conditions  where  the  latter  are  undoubtedly 
better  suited,  but  for  the  surface  supplies  of  the  main  portion 
of  our  country  which  are  subject  to  wide  fluctuations  in  tur¬ 
bidity,  the  modern  mechanical  filter  plant  will  give  the  highest 
efficiency  and  at  the  lowest  cost,  not  only  in  first  cost  but  also 
in  operation. 

The  large  number  of  filter  installations  in  the  last  fifteen 
years  which,  as  we  have  just  pointed  out,  has  increased  the 
number  of  consumers  of  filtered  water  from  two  million  to 
twenty  million,  cannot  be  attributed  so  much  to  the  improve¬ 
ments  in  the  art  of  filtration  as  to  the  necessity  for  pure  water 
supplies  and  the  awakening  of  public  interest  in  such  matters. 
The  rapid  development  in  the  science  of  bacteriology  and  the 
resultant  studies  of  waterborne  diseases  have  in  the  last  few 
years  focused  public  attention  on  pulluted  water  supplies  and 
created  a  demand  for  pure  water.  Many  of  our  States  have 
given  supervisory  power  over  all  public  water  supplies  to  the 
State  Boards  of  Health  which  in  many  instances  have  accom¬ 
plished  truly  remarkable  results  which  show  not  only  a  marked 
reduction  in  the  water-borne  diseases,  but  a  permanent  reduc¬ 
tion  in  the  total  death  rate.  A  striking  example  is  that  given 
by  the  Pennsylvania  State  Department  of  Health  which  was 
empowered  by  an  act  of  Legislature  with  a  supervision  of  the 
Water  Supplies  in  1905.  The  Commissioner  of  Health  under 
date  of  April,  1913,  states  that : 

“The  attention  which  has  been  given  to  water  supplies  and  sewage 
disposal  and  prevention  of  contamination  of  water  and  milk  in  Pennsyl- 
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vania,  during  the  last  seven  years,  has  resulted  in  a  sixty  percent  reduction 
of  typhoid  fever.  There  has  been  a  corresponding  reduction  in  those  ail¬ 
ments  that  accompany  typhoid  fever.  This  saving  to  the  people  of  the 
Commonwealth,  referring  to  typhoid  fever  alone,  amounts  to  fifteen 
million  dollars  annually.  Everybody  shares  in  the  profits.  Infected  water 
knows  no  respect  of  persons.  The  warfare  against  this  foe  must  be  vigi¬ 
lant  and  constant  until  it  is  stamped  out,  and  to  fully  and  completely  ac¬ 
complish  this  there  must  be  co-operation  of  states  and  nations.” 

Even  where  the  Legislation  empowering  State  Boards  to 
control  the  public  water  supplies  does  not  give  them  full 
authority  to  compel  the  installation  of  purification  plants  and 
to  furnish  at  all  times  a  pure  supply  of  water,  they  can  obtain 
such  results  by  focusing  public  attention  on  local  conditions, 
and  there  has  been  more  than  one  instance  where  the  installa¬ 
tion  of  a  filter  plant  has  been  hastened  by  such  action  on  the 
part  of  the  state  authorities. 

The  review  and  approval  of  all  plans  by  the  State  Board 
before  the  installation  of  a  plant  is  made,  is  required  in  many 
of  our  states  and  serves  as  a  safeguard  against  poorly  equipped 
plants  and  guarantees  that  the  designer  shall  incorporate  the 
essentials  for  the  proper  control  and  equipment  of  the  filters. 
Frequent  inspections  of  filter  plants  and  bacteriological  analy¬ 
ses  of  the  filtered  water  which  are  carried  out  on  an  extensive 
scale  by  the  Boards  of  several  of  our  leading  states  not  only 
check  up  the  results  obtained,  but  act  as  a  safeguard  in  the 
operation  of  the  plant,  as  no  water  works  operator  wants  to 
get  an  unfavorable  report  on  his  plant  by  the  supervisory  state 
authorities. 

It  will,  therefore,  be  seen  that  the  improvements  in  the 
art  of  filtration,  which  have  been  so  marked  in  the  last  fifteen 
years,  are  natural,  as  a  result  of  a  demand  by  the  country  in 
general  in  the  last  few  years  for  pure  water  supplies,  and  the 
disposition  of  our  people  to  secure  these  results  by  placing  the 
supervision  of  the  water  supplies  in  the  hands  of  the  state 
authorities. 

The  most  important  improvements  in  mechanical  filters 
which  distinguish  the  modern  plant  from  the  type  of  plant  con¬ 
structed  fifteen  years  ago,  may  be  classified  under  the  follow¬ 
ing  headings : 
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Permanent  type  of  construction. 

Adequate  settling  and  coagulating  faculties. 

An  accurate  and  adjustable  filter  control. 

Accessibility  and  uniform  distribution  of  collecting 
systems. 

A  self-cleansing  wash  system. 

Reliable  control  of  chemical  feed. 

Hydraulic  operating  valves,  and  recording  devices. 

Expert  supervision. 

Under  these  general  headings,  it  is  proposed  to  discuss 
the  various  improvements  taking  up  each  heading  separately 
and  in  the  order  above  given.  It  would  be  impossible  to  de¬ 
scribe  all  of  the  improvements  achieved  within  the  brief  scope 
of  this  article  or  to  attempt  to  mention  all  of  the  meritorious 
devices  that  have  been  developed.  Many  sanitary  experts  dur¬ 
ing  the  last  ten  years  have  devoted  their  energies  to  this  work. 
The  devices  for  regulation  and  automatic  control;  the  types  of 
collecting  systems;  the  mechanical  feed  apparatus;  and  other 
filter  equipment  are  numerous.  It  is  the  intention  in  outlining 
these  improvements  in  this  article  to  select  one  modern  type 
for  description  under  each  of  the  sub-divisions  as  above  out- 
lined. 

PERMANENT  TYPE  OF  CONSTRUCTION 

Previous  to  1900,  mechanical  filters  were  built  of  wood  or 
steel.  If  of  the  gravity  type,  they  consisted  of  circular  tubs  of 
various  designs,  some  containing  the  filter  only  and  some  con¬ 
sisting  of  double  deck  structures  16  ft.  high,  the  upper  8  ft. 
holding  the  filter  and  the  lower  8  ft.  being  utilized  as  a  small 
coagulating  basin.  Many  of  the  plants  consisted  of  pressure 
filters  looking  very  much  like  steel  boilers  in  which  the  filter 
was  constructed  and  operated  under  pressure.  Usually  the 
filters  were  installed  on  the  supply  main  from  the  pumps  to 
the  distributing  system.  As  a  result  of  the  experimental  work 
previously  outlined,  it  was  clearly  demonstrated  that  it  was 
impossible  to  operate  pressure  filters  on  contaminated  waters 
with  any  guarantee  of  a  uniformly  high  efficiency.  It  was 
found,  after  a  certain  loss  of  head  is  developed  by  the  friction 
in  passing  through  the  filter,  that  there  is  a  tendency  for  the 
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surface  film  over  the  sand  to  break,  and  as  this  film  is  mainly 
responsible  for  the  retention  of  the  bacteria,  the  filter  under 
such  conditions  would  become  merely  a  strainer  retaining  the 
suspended  material  but  permitting  the  bacteria  to  enter  the 
filtered  water.  Further,  it  was  found  impossible  to  get  the 
operators  to  make  the  necesasry  daily  inspections  of  the  filters 
to  determine  the  condition  in  which  they  were  and  to  properly 
govern  the  washing  and  cleaning.  The  result  was  that  the 
pressure  type  of  filter  was  discarded  as  unsuitable  for  this  pur¬ 
pose.  The  steel  and  wooden  tanks  had  a  comparatively  short 
life,  and  with  the  adoption  of  reinforced  concrete  for  construc¬ 
tion  work,  it  was  natural  that  designers  in  filtration  work 
should  turn  to  this  type  of  construction  for  the  filter  tubs. 
This  permitted  the  construction  of  rectangular  filters  in  larger 
sizes  and  of  a  shape  more  adapted  to  economizing  on  space. 


Fig.  2.  Filter  Plant  of  the  South  Pittsburgh  Water  Company, 
Showing  Operating  Floor  in  Filter  Building  and 
Hydraulic  Operating  Tables. 
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Fig.  3.  Small  Filter  Plant  for  the  State  Institution  at  Wernersville, 
Pa.,  Showing  Settling  Basins  in  Foreground  and  Covered 
Clear  Water  Basin  in  Background. 


The  first  plant  of  this  type  of  construction  is  that  at  Little 
Falls,  N.  J.,  built  in  1902,  which  was  followed  very  shortly 
by  plants  of  similar  construction  at  various  other  places  in  the 
country.  The  South  Pittsburgh  Water  Co.’s  plant  which  was 
built  in  1905  and  1906  was  the  first  plant  of  this  type  to  be 
installed  in  the  Pittsburgh  District.  Today,  the  reinforced 
concrete  type  of  filter  can  be  constructed  more  cheaply  than 
steel  tubs,  as  has  been  demonstrated  on  bids  taken  both  ways 
on  several  recent  installations.  Wooden  tubs  can,  of  course, 
be  constructed  more  cheaply  and  are  still  used  in  temporary 
installations  or  in  extreme  cases  where  first  cost  is  vital.  Prac¬ 
tically  all  of  the  plants  which  have  been  constructed  in  the  last 
ten  years  have  been  of  the  reinforced  concrete  type. 

The  permanent  type  of  construction  used  at  the  South 
Pittsburgh  plant  is  shown  in  Fig.  2,  and  Fig.  3  shows  the  per¬ 
manent  construction  that  is  used  even  in  small  plants  for  insti¬ 
tutions. 
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There  has  also  been  a  great  change  in  the  quality  of  the 
equipment.  Flanged  cast  iron  pipe  is  now  used  inside  of  all 
structures  on  pressure  lines.  Reinforced  concrete  floors  have 
displaced  the  old  wooden  operating  platforms  and  the  clear 
wells  are  now  covered  with  the  same  type  of  construction  and 
sealed  to  avoid  contamination.  Many  of  the  older  plants  can 
still  be  found,  however,  where  the  clear  well  below  the  filters 
is  covered  by  loose  boards  which  form  a  hazardous  protection. 
Fire  proof  buildings  for  housing  the  filters,  coagulant  appar¬ 
atus  and  equipment  are  now  the  universal  standard,  where 
formerly  frame  structures  were  not  infrequent.  In  the  more 
recent  plants  attention  has  been  given  to  the  architecture  and 
to  obtain  a  pleasing  and  neat  appearance  in  the  surroundings. 

What  has  been  said  concerning  the  filters  also  applies  to 
the  settling  basins.  The  wooden  and  steel  tanks  formerly  so 
common  have  given  place  to  reinforced  concrete  basins,  care¬ 
fully  designed. 

The  reinforced  concrete  settling  basin  at  Alliance,  O.,  is 
shown  in  Fig.  4,  and  the  permanent  type  of  construction  in  the 
pipe  gallery  between  filters  is  shown  in  Fig.  5.  An  open  type 
of  pipe  gallery  is  shown  in  Fig.  6. 


Fig.  4.  Filter  Plant  for  the  City  of  Alliance,  Ohio,  Showing 
Settling  Basin  in  the  Background. 
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Fig.  5.  Filter  Plant  at  Alliance,  Ohio.  Showing  Construction  of 
Operating  Pipe  Gallery  Between  Filters. 

ADEQUATE  SETTLING  AND  COAGULATING  FACILITIES 

The  originators  of  the  mechanical  filters  paid  very  little 
attention  to  preliminary  settling.  Most  of  the  early  plants  in¬ 
stalled  provided  at  the  most  a  half  hour  period  of  settling  and 
this  appears  to  have  been  given  mainly  to  secure  a  thorough 
coagulation  of  the  water  before  it  reaches  the  filter.  I  he  filter 
was  supposed  to  do  all  of  the  work,  and  it  is  surprising  that 
the  system  was  as  successful  as  records  show,  but  this  was 
probably  due  to  the  fact  that  most  of  the  installations  were  in 
the  eastern  part  of  the  country  where  the  turbidity  of  the 
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Fig.  6.  Interior  View  of  Open-Pipe  Gallery  Construction  at  the 
Phoenixville  Filter  Plant,  Showing  Also  Details  of 
Piping  for  Hydraulic  Valves. 

streams  is  comparatively  light.  The  experiments  with  Ohio 
River  water  proved  that  a  certain  period  of  preliminary  settl¬ 
ing  was  necessary,  and  the  development  in  treating  waters 
from  most  of  our  rivers  since  that  time  has  shown  that  it  is 
most  important  to  take  the  load  off  of  the  filters  and  compel 
the  settling  basins  to  do  most  of  the  work.  Among  the  earliest 
plants  where  the  settling  facilities  were  thoroughly  studied 
were  those  at  East  St.  Louis,  Ill.,  and  St.  Joseph,  Mo.  The 
waters  of  the  Mississippi  and  Missouri  Rivers  contain  at  times 
ten  thousand  parts  turbidity  per  million,  but  by  adequate  set¬ 
tling  facilities  and  a  proper  quantity  of  coagulant,  most  of  this 
material  can  be  taken  out  in  the  settling  basins.  There  are 
many  plants  in  operation  today  where  the  settling  basins  do 
90  percent  of  the  work  during  periods  of  high  turbidity,  and 
it  is  found  that  in  addition  to  taking  out  the  suspended  matter, 
about  the  same  percent  of  bacteria  is  removed  presumably  by 
being  taken  down  with  the  settlement  of  the  coagulated  sus¬ 
pended  matter. 
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The  average  filtration  plant  today  is  provided  with  a 
period  of  at  least  four  hours  of  settling  with  coagulants,  and 
unless  there  is  considerable  coarse  suspended  matter  in  the  raw 
water  at  times,  no  preliminary  natural  settling  is  provided. 
The  settling  basins  are  designed  in  duplicate  so  that  one  basin 
can  be  cleaned  during  a  favorable  condition  of  the  water  with¬ 
out  closing  down  the  plant.  1  he  modern  settling  basin  is  con¬ 
structed  of  reinforced  concrete  and  the  bottoms  are  sloped 
with  a  sufficient  grade  to  permit  of  the  natural  flow  of  the  solid 
matter  to  a  central  drain  which  is  controlled  by  a  valve  from 
the  top  of  the  basin.  A  pressure  line  with  hose  connections  is 
provided  for  flushing  down  the  sides  and  bottom.  In  the 
northern  latitudes,  the  basins  are  covered  with  reinforced  con¬ 
crete  to  prevent  trouble  from  freezing  during  the  Winter 
period,  but  through  the  main  section  of  our  country,  this  is 
unnecessary,  and  it  is  better  from  an  operating  point  of  view 
to  have  an  open  basin  in  order  to  observe  the  effects  of  coagu¬ 
lation. 

ten  thousand  parts  turbidity  per  million,  but  by  adequate  set¬ 
tling  facilities  and  a  proper  quantity  of  coagulant,  most  of  this 
The  arrangement  of  the  open  settling  basin  at  the  1  hoenix- 
ville  plant  is  shown  in  Fig.  7. 


Fig.  7.  Filter  Plant  for  Phoenixville,  Fa.,  on  the  Banks  of 

the  Schuylkill. 
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A  coagulant  is  usually  fed  into  the  raw  water  at  a  special 
mixing  compartment  before  entering  the  basins.  This  com¬ 
partment  is  also  constructed  of  concrete  and  equipped  with 
adjustable  wooden  baffles  which  can  be  set  close  together  in 
rows  and  adjusted  so  as  to  secure  a  thorough  mixing  of  the 
water  and  chemical  before  it  enters  the  basins.  The  entering 
water  must  be  distributed  uniformly  across  the  inlet  end  of 
the  basin  and  the  basins  must  be  sufficiently  baffled  to  prevent 
any  cross  currents.  Where  two  or  more  basins  are  constructed, 
they  are  often  arranged  to  operate  in  parallel  or  series. 

AN  ACCURATE  AND  ADJUSTABLE  FILTER  CONTROL 

It  has  been  found  that  it  is  very  important  to  secure  a 
uniform  rate  of  filtration  in  operating  the  filters  and  to  limit 
the  rate  below  a  conservative  figure  which  has  been  set  by 
many  authorities  at  one  hundred  twenty-five  million  gallons 
per  acre  per  day.  Very  few  of  the  old  types  of  filters  have  any 
other  method  of  control  than  throttling  the  gate  valve  on  the 
outlet  pipe.  Some  of  these  filters  have  a  circular  orifice  in¬ 
serted  in  the  outlet  pipe  which  would  limit  the  flow  from  the 
filter  to  the  required  rate  under  a  maximum  condition.  As  the 
loss  of  head  in  a  unit  increased,  the  output  of  such  an  orifice 
would  be  reduced,  in  addition  to  securing  an  unsatisfactory 
output,  the  rate  is  ununiform.  Many  types  of  rate  controllers 
have  been  developed,  some  with  fairly  good  results,  but  most 
of  them  unreliable  and  some  almost  useless.  It  is  not  unusual 
when  visiting  a  small  filter  plant  to  find  that  the  rate  control¬ 
lers  are  out  of  commission,  due  to  unreliability,  and  the  oper¬ 
ator  is  running  it  by  the  throttling  of  the  gate  valve.  The  Ven¬ 
turi  type  of  rate  controller  has  recently  been  developed  by 
several  manufacturers  to  a  point  where  it  can  be  considered  a 
reliable  and  efficient  type  of  control  and  has  been  installed  in 
many  of  the  latest  filter  plants.  A  small  Venturi  meter  is  con¬ 
structed  on  the  outlet  from  the  filter  and  controls  a  pilot  valve 
which  in  turn  controls  a  hydraulic  operating  valve  or  balanced 
valve  on  the  filter  outlet  line.  A  simple  adjustment  of  a  lever 
arm  on  the  pilot  valve  places  the  apparatus  in  equilibrium  for 
a  desired  rate  of  filtration  and  any  tendency  for  a  change  in 
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Fig.  8.  Main  Entrance  Lobby  for  the  City  of  Erie.  Pa..  Filter  Plant. 
Showing  Central  Control  Table  with  Recording  Venturi 
Devices  and  Central  Control  Apparatus  for  Filters. 


this  rate  unbalances  the  differentials  on  the  \  enturi  meter  and 
partly  opens  or  closes  the  controlling  valve.  In  some  of  the 
larger  installations,  this  type  of  control  has  been  arranged  with 
a  master  control  located  at  one  point  in  the  filter  building,  and 
by  adjusting  the  master  control  valve,  a  uniform  rate  is  ob¬ 
tained  from  all  of  the  filters. 

As  has  been  previously  stated,  it  is  also  vital  to  limit  the 
loss  of  head  on  a  filter  to  a  joint  below  that  where  there  is  a 
danger  of  breaking  through  the  surface  film  over  the  sand. 
The  amount  of  loss  of  head  which  can  be  permitted  must  be 
worked  out  in  operation  and  will  vary  at  different  plants  and 
may  vary  at  different  periods  of  the  year  at  the  same  plant. 
The  writer  has  known  of  some  cases  where  the  loss  could  not 
be  greater  than  five  to  six  feet,  while  on  the  other  hand,  in 
some  extreme  cases,  a  plant  can  be  safely  operated  with  four¬ 
teen  feet  loss  of  head.  L'nder  normal  conditions,  a  ten  toot 
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loss  of  head  is  used  in  many  plants.  Each  filter  must  be 
equipped  with  a  reliable  loss  of  head  gauge  to  determine  at 
any  time  the  exact  loss  of  head.  Most  of  these  gauges  consist 
of  sight  reading  dials  mounted  in  front  of  the  filter  and  con¬ 
trolled  by  floats  located  in  float  tubes  in  the  operating  floor 
below,  which  in  turn  are  connected  to  the  water  above  the 
filter  and  the  filter  effluent  line.  Many  of  these  float  types  of 
gauges  have  caused  trouble  in  maintenance,  due  to  the  work¬ 
ing  parts,  and  have  to  be  frequently  repaired.  A  new  type 
of  gauge  was  recently  installed  at  the  Alliance,  Ohio,  filtration 
plant  which  is  of  the  manometer  type  without  working  parts. 
It  consists  of  the  ordinary  mercury  U  tube  with  graduated 
scale  and  connected  to  the  raw  water  and  filter  effluent.  At 
the  point  of  connection  of  these  tubes,  there  is  arranged  a 
glass  air  bell  on  each  arm  which  in  turn  is  connected  to  a 
small  ejector  located  in  the  supporting  stand  beneath  the  ap¬ 
paratus.  By  turning  on  the  ejector,  a  vacuum  is  created  in 
these  air  bells  and  the  water  is  immediately  drawn  up  into 
them  from  the  connections  to  the  filter  below.  As  soon  as  the 
air  bells  are  full,  the  ejector  is  closed  off,  and  the  pressure 
transmitted  to  the  arms  of  the  JJ  tube  gives  the  differential 
for  measuring  the  loss  of  head  on  the  attached  scale.  This 
apparatus  must,  of  course,  be  air  tight,  and  under  such  condi¬ 
tions,  it  is  only  necessary  once  in  ten  days  to  apply  the  ejector 
and  create  a  vacuum. 

The  operation  of  a  vacuum  sampling  pump  which  operates 
on  the  same  principle  as  the  loss  of  head  gauge  is  shown  in 
Fig.  9. 


ACCESSIBILITY  AND  UNIFORM  DISTRIBUTION  OF 
COLLECTING  SYSTEMS 

The  collecting  system  in  the  bottom  of  the  filter  has  been 
a  difficult  proposition  to  develop  from  the  operating  point  of 
view.  In  many  of  the  plants  where  the  cast  iron  manifolds 
have  been  installed,  it  has  been  necessary  after  a  couple  of 
years  to  dig  them  out  and  clean  out  the  laterals.  With  the 
increase  of  water  desired  in  washing  in  the  more  revised  forms 
of  washing  filters,  it  has  been  difficult  with  the  old  manifolds 
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Fig.  9.  Sampling  Pump  for  bilters  Operated  by  an  Ejector. 
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to  secure  a  uniform  distribution  of  the  wash  water  over  the 
entire  filter  area.  With  some  of  the  old  types  of  steel  filters, 
the  manifold  system  consisted  of  a  steel  plate  18  in.  above  the 
bottom  of  the  filter  in  which  the  strainers  were  screwed  and 
the  space  below  this  plate  could  be  entered  through  a  man¬ 
hole  on  the  exterior  and  inspected  and  cleaned  without  tear¬ 
ing  up  the  entire  filter.  This  false  bottom  type  of  manifold 
system  has  been  applied  to  the  newer  type  of  reinforced  con¬ 
crete  filters  in  the  plants  at  Muncie,  Ind.,  Warren,  Pa.,  Shreve¬ 
port,  La.,  Alliance,  Ohio,  and  Erie,  Pa.  At  the  last  two  plan.^, 
it  has  been  used  in  connection  with  the  hardwash  system  and 
in  all  instances  has  given  good  results.  In  these  plants,  the 
false  bottom  consists  of  a  half  inch  steel  plate  bolted  to  8  in. 
I-beams  spaced  two  feet  center  to  center  and  placed  18  in. 
above  the  bottom  of  the  concrete  filter  to  which  they  are  bolted 
by  columns  and  by  anchor  bolts.  A  manhole  is  provided  for 
entrance  to  the  bottom  and  at  regular  intervals,  a  filter  unit 
is  closed  down,  drained  out,  and  entered  and  inspected,  and  if 
necessary,  cleaned  of  any  accumulation  of  sand.  Under  nor¬ 
mal  conditions,  this  false  bottom  is  merely  an  addition  to  the 
clear  water  storage.  The  latest  designs  contemplate  the  con¬ 
struction  of  this  entire  false  bottom  of  reinforced  concrete.  A 
plant  with  this  type  of  construction  has  recently  been  com¬ 
pleted  by  the  Isthmian  Canal  Commission  at  Miraflores.  The 
new  six  million  gallon  plant  now  being  installed  for  East 
Liverpool,  Ohio,  will  be  of  the  same  type. 

A  SELF-CLEANSING  WASH  SYSTEM 

Many  filtration  plants  have  suffered  from  an  operating 
point  of  viewr  due  to  a  lack  in  proper  facilities  for  thoroughly 
washing  the  filters.  In  the  old  types  of  filters,  very  little 
attention  was  paid  to  trough  spacing  and  to  the  carrying 
height  of  water,  but  most  of  these  filters  were  provided  with 
mechanical  rakes  which  thoroughly  stirred  up  the  sand  during 
the  washing  period.  When  the  modern  concrete  type  of  filter 
began  to  be  adopted,  agitation  of  the  sand  by  compressed  air 
was  substituted  for  the  old  type  of  rakes  and  more  attention 
was  given  to  providing  an  adequate  amount  of  wash  water. 


Fig.  10.  Section  Through  Filters  for  the  City  of  East  Liverpool,  Ohio, 
Showing  Details  of  False-Bottom  Construction  for  the 
Distributing  and  Wash  System. 


1  his  was  limited  usually  to  8  gal.  per  sq.  ft.  per  min.,  as  it  was 
found  that  a  greater  amount  would  disturb  the  gravel  under- 
lying  the  sand  which  was  usually  a  small  sized  gravel  un¬ 
graded  and  placed  to  a  depth  of  eight  or  ten  inches.  Under 
these  conditions  and  with  the  size  of  filter  sand  usually  used, 
the  trough  system  was  placed  at  a  height  of  15  in.,  which  was 
found  sufficiently  high  to  prevent  the  overflow  of  sand.  More 
recent  experiments  have  shown  that  a  more  effective  wash  can 
be  obtained  by  eliminating  the  mechanical  agitation  and  clean- 
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ing  the  filter  with  a  rate  of  wash  of  15  gal.  per  sq.  ft.  per  min., 
which  is  almost  twice  the  rate  formerly  adopted.  When  a 
filter  is  washed  at  this  rate,  it  is  found  that  the  entire  sand  bed 
is  floated,  the  finer  sand  being  lifted  from  24  in.  to  30  in.  above 
the  normal  surface  of  the  sand,  and  the  wash  troughs  must 
therefore  be  constructed  at  this  height.  This  system  was  first 
installed  in  the  Cincinnati,  Ohio,  plant  and  gave  great  success, 
not  only  in  thoroughly  cleansing  the  filter,  but  in  a  lower  oper¬ 
ating  cost  and  with  a  less  amount  of  wash  water.  The  trouble 
from  the  disturbing  of  the  gravel  was  eliminated  at  Cincinnati 
by  tying  down  the  gravel  to  the  bottom  of  the  filter  with  a 
bronze  screen.  Recently  it  has  been  discovered  that  by  grad¬ 
ing  the  gravel  and  using  a  depth  of  from  15  in.  to  24  in.  and 
by  controlling  the  flow  of  wash  water  so  as  to  slowly  and 
uniformly  start  and  stop  the  wash,  that  it  is  unnecessary  to 
tie  down  the  gravel  in  the  filters,  and  several  of  the  latest  in¬ 
stallations  have  been  installed  on  this  basis. 

As  has  been  previously  stated,  the  main  problem  with  the 
hardwash  system  has  been  to  distribute  the  wash  water  uni¬ 
formly  over  the  entire  area  of  the  bottom  of  the  filter,  and  this 
seems  to  have  been  solved  in  the  use  of  the  false  bottom  ar¬ 
rangement  at  Alliance  and  Erie.  At  these  plants  a  rate  of 
wash  as  high  as  20  gal.  per  sq.  ft.  per  min.  has  been  handled 
with  perfect  distribution. 

In  connection  with  the  washing  of  filters,  apparatus  for 
removing  and  replacing  the  sand  by  water  carriage  is  of  con¬ 
siderable  value.  Theoretically  it  should  be  unnecessary  to 
remove  or  replace  sand  in  a  well  operated  filter  for  several 
years,  but  in  the  practical  operation  it  has  been  found  necessary 
to  remove  the  sand  much  more  frequently,  due  to  displace¬ 
ment  of  gravel  by  carelessness  of  operator  in  applying  the  wash 
water,  stopping  up  of  the  strainer  system  with  sand,  or  stop¬ 
ping  up  of  the  manifold  system  or  for  various  other  reasons. 
While  the  cost  of  removing  sand  by  hand  from  a  mechanical 
filter  is  very  small  when  compared  with  slow  sand  filters,  yet 
a  considerable  saving  in  operating  cost  can  be  efifected  by  in¬ 
stalling  a  water  carriage  system.  This  requires  a  portable 
hand  ejector,  a  small  pressure  line  and  a  sand  line,  both  located 
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in  the  pipe  gallery  and  arranged  with  outlets  opposite  each 
filter.  The  ejector  is  placed  in  the  filter  when  sand  is  to  be 
removed  and  connected  by  hose  to  the  pressure  and  sand  lines 
in  the  pipe  gallery.  The  sand  can  then  be  removed  to  a  storage 
bin  or  to  another  filter  as  may  be  desired. 

RELIABLE  CONTROL  OF  CHEMICAL  FEED 

Many  of  the  older  types  of  filter  plants  made  no  provision 
for  an  accurate  arrangement  for  feeding  the  coagulant  solu¬ 
tion.  The  material  was  dissolved  in  tanks  many  of  which 
were  entirely  inadequate  in  size  to  enable  the  operator  to  use 
a  dilute  solution,  and  the  method  of  operation  consisted  in 
dissolving  so  many  pounds  of  coagulant  and  feeding  this  solu¬ 
tion  into  the  raw  water  in  a  certain  period  of  time  depending 
upon  the  turbidity  of  the  water  to  be  treated.  The  outlet  valve 
was  opened  a  certain  number  of  turns  to  give  this  desired  rate, 
and  a  uniform  feed  by  this  approximate  method  was  used. 

The  filter  designers  in  the  last  few  years  have  entirely 
revised  this  system  of  applying  the  coagulants,  and  most  of 
the  modern  filter  plants  of  any  size  have  not  only  an  adjust¬ 
able  feed  for  the  chemical  solution,  but  also  an  automatic 
arrangement  for  supplying  this  feed  in  direct  proportion  to 
the  quantity  of  raw  water  being  admitted  to  the  plant,  and 
further,  electric  alarms  are  being  installed  to  immediately 
sound  a  gong  in  case  of  a  stoppage  in  the  flow  of  the  chemical 
solution.  Many  of  these  arrangements  are  based  upon  a  con¬ 
trol  from  a  Venturi  meter  on  the  raw  water  line,  while  an 
adjustable  orifice  enables  the  operator  to  set  the  desired  rate 
of  flow  of  the  solution.  The  electric  alarm  is  usually  installed 
at  the  orifice  and  is  of  simple  construction  consisting  of  dry 
batteries  and  an  open  circuit  which  is  closed  at  the  orifice  when 
the  liquid  fails  to  flow.  The  modern  solution  tanks  are 
usually  constructed  of  reinforced  concrete  and  of  ample  size 
to  provide  sufficient  storage  for  the  solution  under  maximum 
conditions.  They  are  provided  with  stirring  devices  driven  by 
motors  located  on  the  operating  floor  above  the  tanks.  In  the 
Erie  filtration  plant,  the  stirring  apparatus  in  each  tank  is 
driven  by  an  independent  water  motor  geared  to  same  and  sup¬ 
plied  with  water  from  a  small  pressure  line.  The  waste  water 
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from  the  motor  is  fed  into  an  adjacent  tank  to  dissolve  the 
chemical  and  form  the  solution  and  the  apparatus  is  so  ar¬ 
ranged  that  all  of  the  waste  water  in  these  motors  is  used  for 
forming  solutions. 

In  the  larger  plants,  the  problem  of  handling  the  chemi¬ 
cals  in  an  economical  manner  has  been  worked  out  in  detail, 
and  in  the  plant  at  Erie  which  has  a  capacity  of  24  million 
gallons  per  24  hours,  the  apparatus  is  so  arranged  that  after 
the  chemical  is  hauled  to  the  pump  station,  no  additional  manu¬ 
al  labor  in  handling  it  is  required.  It  is  delivered  in  a  vertical 
elevator  which  conveys  it  to  the  top  of  a  tower  where  it  is 
distributed  into  receiving  bins  of  reinforced  concrete.  Be¬ 
neath  these  bins  is  a  charging  floor  for  the  solution  tanks  on 
which  is  located  a  narrow  gauge  track  and  charging  car  which 
extends  over  the  solution  tanks  and  immediately  under  the 
receiving  bins.  At  one  end  of  the  floor  there  is  a  scale  for 
measuring  the  charge.  The  chemical  flows  by  gravity  from 
the  charging  bins  into  the  charging  car  and  is  then  run  on 
to  the  scale  and  then  dumped  into  the  solution  tank.  These 
tanks  are  built  sufficiently  high  that  the  bottoms  are  above 
the  flow  line  in  the  settling  basin  and  are  controlled  by  an 
automatic  feed  directly  connected  to  a  Venturi  meter  on  the 
raw  water  main  which  feeds  the  solution  by  gravity  to  the 
raw  water.  An  elaborate  equipment  of  this  type  would  not 
be  justified  in  small  plants  where  the  cost  of  handling  the 
chemical  would  not  be  excessive. 

In  handling  lime,  a  simple  method  of  applying  it  is  by 
means  of  a  dry  feed  machine  operated  by  a  water  motor. 
These  machines  are  so  designed  that  the  rate  of  feed  can  be 
set  to  any  desired  rate  by  simple  adjustment.  Hydrated  lime 
is  used  and  is  fed  through  a  small  orifice  at  the  bottom  of  a 
hopper  by  means  of  a  screw  conveyor  operated  by  the  water 
motor.  At  the  bottom  of  the  conveyor  the  tail  water  from 
the  motor  picks  up  the  dry  lime  and  washes  it  into  the  mixing 
chamber  of  the  coagulating  basin.  By  this  method  a  very 
uniform  treatment  can  be  secured  and  at  the  same  time  the 
difficulties  arising  from  the  sludge  in  the  lime  tanks  and  the 
stoppage  of  feed  lines  is  eliminated. 
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Fig.  11.  Automatic  Control  Apparatus  for  the  Coagulant  Feed  for 

the  City  of  Erie  Filter  Plant. 
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Fig.  12.  Details  of  an  Automatic  Lime  Machine  for  the  Sedalia, 

Mo.,  Filter  Plant. 


FLEMING — IMPROVEMENTS  IN  MECHANICAL  FILTRATION  851 


HYDRAULIC  OPERATING  VALVES  AND  RECORDING 


DEVICES 


Most  of  the  larger  filter  plants  of  recent  construction  have 
been  equipped  with  hydraulically  operated  gate  valves  con¬ 
trolled  from  an  operating  table  located  in  front  of  each  filter. 
By  means  of  levers  on  these  tables,  a  valve  can  be  opened  or 
closed  verv  quickly  without  the  labor  required  on  hand  oper¬ 
ated  valves.  This  method  of  control  is  not  only  justified  from 
an  operating  point  of  view  in  the  reduction  of  operating  ex 
pense,  but  also  is  valuable  as  affording  a  quick  arrangement 
for  manipulating  the  plant.  The  increased  cost  of  equipping 
a  filter  with  this  apparatus  is  approximately  $400  per  filter, 
and  the  tendency  today  is  to  apply  this  equipment  to  even  the 
smaller  installations.  A  filter  plant  of  three  million  gallons 
capacity  consisting  of  fi  one-half  million  gallon  1 1  Iters  has 
recently  been  completed  at  Phoenixville,  Pa.,  with  a  full  equip¬ 
ment  of  hydraulically  operated  valves  and  others  of  this  size 
and  smaller  will  soon  follow.  The  use  of  recording  devices 
in  the  larger  plants  is  essential  and  in  the  average  plant  can 
be  judiciously  used  to  advantage.  It  is  inadvisable  to  o\er- 


Fig.  13.  Interior  of  Filter  Building  at  Phoenixville.  Showing 
Operating  Tables  and  Control  Devices. 
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Fig.  14.  Interior  of  the  Filter  Building  of  the  Tri-Cities  Water  Com¬ 
pany  Plant  at  Charleroi,  Pa.,  Showing  Hand-Operated  Filters. 

load  a  plant  with  recording  apparatus  on  account  of  the  in¬ 
creased  cost  from  an  operating  point  of  view  in  adjusting  and 
keeping  up  the  records.  Recording  charts  on  the  loss  of  head 
guages  and  on  the  chemical  feed  tanks  are  exceedingly  valu¬ 
able  as  a  check  on  efficient  operation,  and  especially  in  the 
case  of  a  water  company  they  are  a  safeguard  against  accusa¬ 
tions  of  inefficiency. 

Figures  13  and  14  show  the  hydraulic  and  hand-operated 
valves,  respectively,  at  Phoenixville  and  Charleroi.  The  equip¬ 
ment  of  the  filters  for  the  24  million  gallon  plant  at  Erie  is 
shown  in  Fig.  15. 

EXPERT  SUPERVISION 

There  has  been  a  tendency  of  many  of  the  water  com¬ 
panies  and  also  municipalities  to  operate  their  filtration  plants 
without  any  expert  supervision,  mainly  with  the  idea  of  econ¬ 
omizing.  The  success  of  any  filter  plant  depends  to  a  great 
extent  on  the  operation,  and  the  best  and  most  experienced 
filter  operators  can  benefit  from  a  general  supervision  of  the 
plant  by  an  expert.  Those  that  are  not  so  efficient  require  a 


Fig.  15. 


Interior  of  Filter  Plant  for  the  City  of  Erie,  Pa..  Showing 
Operating  Tables  and  Interior  binish  of  bilters. 


constant  checking  up  to  insure  proper  operation,  and  those 
that  are  ignorant  must  have  expert  advice,  there  ha\e  been 
many  plants  with  the  best  equipment  which  have  done  poor 
work  in  operation  simply  because  upon  the  completion  <>i  the 
work  and  following  perhaps  a  month  s  instruction  by  an  ex¬ 
pert  operator,  the  local  operator  has  been  turned  loose  without 
anv  arrangement  for  further  advice  or  assistance.  1  lie  State 
Boards  of  Health  of  many  of  our  states  are  now  insistent  on 
expert  supervision  of  all  filtration  plants  in  addition  t<>  that 
given  by  the  State.  This  supervision  in  the  case  of  a  small 
plant  may  consist  of  a  visit  once  each  month  by  an  expert 
to  check  up  the  operation  on  the  ground,  review  the  daily 
operating  records  and  to  obtain  samples  from  which  to  make 
bacteriological  analyses  of  the  raw  and  clear  water. 

With  such  supervision  a  small  filtration  plant  can  be 
operated  without  any  other  additional  labor  than  the  iegular 
force  at  the  pumping  station,  provided  the  pumping  station 
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engineer  is  industrious  and  intelligent.  This  man  can  make 
at  frequent  intervals  determinations  of  the  controlling  con¬ 
dition  in  the  water  to  be  treated,  such  as  the  turbidity  and 
alkalinity  from  which  he  can  adjust  the  proper  coagulation. 
With  a  few  months  of  experience  he  can  become  expert  in  the 
operation  of  the  plant  in  every  detail,  even  where  the  water 
to  be  treated  is  comparatively  difficult. 

It  is  always  better  to  employ  a  special  filter  operator, 
preferably  with  a  training  in  water  analyses  and  bacteriology 
to  take  charge  of  the  filtration  plant  and  the  size  of  the  plant 
which  can  justify  this  extra  expense  will  probably  at  an  early 
date  include  all  plants  supplying  three  million  gallons  or  over, 
although  at  the  present  time  there  are  quite  a  few  plants  of 
three  million  gallons  capacity  which  do  not  have  a  special 
filter  operator.  With  such  an  operator,  in  addition  to  the 
regular  determinations,  bacteriological  analyses  of  the  raw 
and  filtered  water  can  be  made  several  times  a  day,  thereby 
insuring  a  close  check  on  the  purity  of  the  filtered  water. 

COMPARISON  OF  OLD  AND  NEW  FILTERS 

The  outline  given  above  of  the  most  important  improve¬ 
ments  in  the  mechanical  filters  shows  that  the  design  and 
construction  of  these  filters  has  been  revolutionized  in  the 
last  fifteen  years,  but  a  comparison  between  the  old  and  new 
types  by  a  visit  of  inspection  makes  the  difference  much  more 
apparent.  It  is  not  difficult  to  find  one  of  the  old  plants, 
especially  in  the  Eastern  portion  of  the  country,  as  many  of 
them  are  still  in  operation,  some  partly  remodeled  to  conform 
to  the  more  recent  improvements  and  some  still  operating 
with  the  original  equipment. 

The  writer  had  occasion  not  long  ago  to  make  a  detailed 
inspection  of  one  of  these  plants  in  Pennsylvania  which  had 
been  in  operation  for  twenty  years,  but  had  been  condemned 
for  inefficiency  and  lack  of  proper  equipment  and  sedimenta¬ 
tion  by  the  State  Board  of  Health.  This  plant  consisted  of 
three  circular  wooden  filters  of  the  gravity  type,  16  ft.  deep, 
operated  under  a  positive  head  obtained  by  filling  the  tanks 
to  the  full  depth  and  supplied  by  a  fourth  tank  of  the  same 
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size  which  served  as  a  settling  basin.  A  small  wooden  tank 
above  the  settling  basin  was  used  for  dissolving  alum  which 
was  fed  by  an  ordinary  valve  connection  from  this  solution 
tank  to  the  inlet  end  of  the  so  called  settling  basin.  1  his 
basin  had  a  capacity  of  twenty  minutes  settling,  and  the 
result  was  that  very  little  settling  was  obtained  and  it  mainly 
served  to  provide  a  period  of  contact  for  the  coagulation.  he 
filtering  material  consisted  of  ground  quartz  somewhat  over 
1-mm.  in  effective  size  and  entirely  too  coarse  to  form  a  sur¬ 
face  mat  and  to  do  other  than  provide  a  strainer.  I  he  troug 
system  consisted  of  a  circular  trough  extending  around  the 
filter  6  in.  above  the  sand  line  and  the  sand  was  agitated  by 
mechanical  rakes  driven  with  belting  from  above.  Water  was 
admitted  for  washing  through  the  manifold  system  m  the 
bottom  in  the  usual  manner,  but  the  connection  was  entire  y 
inadequate  to  provide  more  than  four  or  five  gallons  per 
square  foot  per  minute.  There  were  no  controlling  devices 
and  when  the  filter  was  placed  in  commission  it  ran  as  last 
as  the  pumps  would  take  the  filtrate  until  it  clogged  up. 

The  water  that  was  being  treated  by  this  crude  method 
was  taken  from  a  river  highly  polluted  and  with  varying 
amounts  of  turbidity.  The  result  was  that  the  effluent  ti«>m 
the  filter  plant  was  high  in  bacteria  count  and  frequently  was 
turbid.  Typhoid  fever  was  prevalent  in  the  town  and  it  is 
probable  that  the  number  of  cases  was  much  greater  than 
would  have  existed  if  the  river  water  had  been  delivered  to 
the  consumers,  as  there  was  a  false  sense  of  securit)  due  to 
the  fact  that  a  filter  plant  in  name  was  being  used  to  treat 

the  water. 

Under  order  from  the  State  Board  of  Health,  the  Hlter 
plant  was  remodeled  and  adequate  settling  facilities  were 
installed,  with  the  result  that  this  plant  is  now  operating  with 
high  efficiency  and  with  a  uniformly  low  count  in  the  bacteria 

in  the  filtered  water. 

In  another  town  in  the  same  state  almost  exactly  the 
same  conditions  were  recently  encountered  in  an  investigation 
of  the  filtration  plant  with  the  exception  that  the  filters  were 
of  the  pressure  type.  There  was  no  settling  basin  with  the 
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exception  of  a  small  pond  through  which  the  water  flowed  to 
the  pumps  with  a  period  of  contact  for  the  coagulant  of  prob¬ 
ably  fifteen  or  twenty  minutes.  The  filters  consisted  of  two 
horizontal  boilers  equipped  with  a  manifold  with  strainers 
in  the  bottom  of  each,  over  which  was  placed  three  feet  of 
sand  and  gravel.  Water  was  admitted  above  the  sand  line 
and  pumped  through  these  boilers  by  the  pressure  pumps  to 
the  force  main  which  connected  with  the  manifolds.  There 
was  no  equipment  for  controlling  the  rate  of  filtration  or  de¬ 
termining  the  loss  of  head  in  the  filters.  A  filter  was  washed 
by  closing  off  one  unit  and  reversing  the  flow  from  the  force 
main  through  the  manifold  to  an  opening  above  the  sand  line. 
No  wash  troughs  were  provided  for  taking  off  the  wash  water 
and  no  method  of  inspection  of  the  condition  of  the  filter  was 
provided  outside  of  the  usual  manhole,  which  was  only  entered 
occasionally  as  it  had  to  be  unbolted  and  removed.  No 
records  of  bacterial  analyses  of  the  results  obtained  from  this 
plant  were  recorded,  but  the  water  to  be  treated  was  polluted 
and  it  is  safe  to  conclude  from  the  equipment  provided,  that  it 
would  be  impossible  to  attain  any  high  degree  of  efficiency 
from  such  an  installation. 

EFFICIENCY  OF  THE  MODERN  PLANT 

A  modern  filtration  plant  which  is  operated  by  a  resident 
chemist  will  give  an  efficiency  which  cannot  be  surpassed  by 
any  other  type  of  water  treatment.  A  striking  example  of 
the  efficiency  that  can  be  obtained  is  that  of  the  mechanical 
filter  plant  for  the  Pennsylvania  Water  Co.  at  Wilkinsburg, 
Pa.,  which  supplies  a  suburban  district  of  Pittsburgh  with  a 
population  of  100  000  people.  The  average  total  efficiency  for 
this  plant  during  the  last  four  years  has  been  99.46  percent, 
with  an  average  of  only  19  bacteria  per  c.c.  in  the  filtered 
w'ater.  During  this  period  the  average  number  of  bacteria  in 
the  river  water  was  9479.  During  the  last  two  years  2103 
samples  of  filtered  water  were  taken  for  examination  and  no 
B.  Coli  were  found  in  any  samples.  The  filtered  water  in 
addition  has  always  been  free  from  turbidity.  Previous  to  the 
installation  of  this  filter  plant,  typhoid  fever  was  prevalent  in 
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the  districts  supplied.  This  has  now  been  reduced  from  a 
former  death  rate  of  35.8  per  100  000  to  7  under  present  con- 

ditions.  .  ,  .  ,  . 

The  filtration  plant  for  Erie,  l’a.,  which  was  pl.u<-<  in 

operation  during  the  early  part  of  1914,  is  of  the  mechanical 

tvpe.  The  results  for  the  six  months  ending  December  »1, 

1914,  show  that  B.  Coli  was  found  in  35  percent  of  the  raw 

water,  while  its  presence  in  the  filtered  water  has  never  been 

indicated.  The  average  bacterial  count  of  the  raw  water  tor 

this  period  was  G76  and  the  average  for  the  filtered  water  was 

7.  The  cost  of  operating  this  plant  exclusive  of  interest  am 

depreciation  was  $1.72  per  million  gallons. 

The  published  reports  of  the  modern  hlter  plants  ot  main 
of  our  cities  give  similar  results.  A  reduction  in  the  death 
rate  from  typhoid  fever  in  various  towns  which  have  installed 
mechanical  filters  is  the  best  proof  of  the  reliability  and  effici¬ 
ency  of  this  method  of  treating  public  water  supplies. 


Fig.  16. 


General  View  of  the  Twenty-four  Million  Gallon  1- liter 
Plant  for  the  City  of  Erie,  Pa. 
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DISCUSSION 

Mr.  J.  N.  Chester  :*  The  photographs  of  pressure  type 
filters  thrown  on  the  screen  tonight  by  Mr.  Fleming  have 
prompted  me  to  comment  on  the  antiquated  wash  water  sys¬ 
tem  of  many  of  these  filters  and,  I  regret  to  say,  many  similar 
filters  that  have  been  installed  within  recent  years.  The  fact 
that  these  filters  or  shells,  20  to  30  feet  long,  with  a  6-inch  or 
8-inch  wash  water  opening  at  one  end,  extending  straight  up 
at  least  to  the  extent  of  a  nipple  and  an  ell  before  it  reaches 
the  horizontal  and  can  provide  a  gravity  discharge,  indicates 
that  the  designer  expect  particles  raised  by  the  wash  water 
at  one  extreme  end  to  travel  the  entire  length  of  the  filter 
under  pressure  of  the  water  that  carries  them  and  then  find 
egress  through  the  pipe  described. 

That  the  pressure  type  of  filter  is  no  more  efficient  than 
it  is  and  is  looked  at  so  askance  by  our  Health  Departments 
is  not  to  be  wondered  at,  so  long  as  designers  and  builders 
incorporate  in  its  makeup  wash  systems  as  ttiat  described 
above,  as  well  as  many  other  features  nearly  as  objectionable 
and  antiquated  as  the  wash  water  system. 

One  of  my  first  tasks  when  I  became  attached  to  the 
American  Water  Works  &  Guarantee  Co.  in  1899,  was  to 
provide  thirty-six  pressure  filters  which  were  30  ft.  long  with 
a  more  efficient  wash  water  system  than  they  then  possessed. 
After  we  had  made  the  designs,  taken  bids  and  awarded  a  con¬ 
tract  to  a  well  known  filter  company,  imagine  our  chagrin, 
a  few  months  later,  to  find  a  cut  embodying  our  designs  ap¬ 
pearing  in  the  technical  journals  as  this  company’s  own  de¬ 
sign,  and  this  very  feature  has  recently  been  copied  in  a  cata¬ 
logue  of  a  well  known  manufacturer  of  softening  devices,  and 
again  put  forth  as  their  standards. 

But  the  subject  I  came  here  prepared  to  discuss  is  the 
collecting  systems  of  mechanical  filters,  where  in  my  opinion 
nearly  ninety  percent  of  the  trouble  and  expense  incident  to 
operation  arises. 

*Of  Chester  &  Fleming,  Engineers,  Pittsburgh. 
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It  is  useless,  after  hearing  Mr.  Fleming’s  paper,  to  tell 
you  that  we  are  strong  believers  in  the  false  bottom,  notwith¬ 
standing  that  fact  that  some  of  our  most  prominent  sanitary 
engineers  have  in  recent  years  condemned  it,  nor  do  we  claim 
that  it  is  original  with  either  of  us.  It  has  been  employed  in 
filter  design,  to  my  knowledge,  for  more  than  thirty  years, 
and  it  is  our  contention  that  it  is  the  best  means  of  securing 
an  even  distribution  of  wash  water  to  the  strainers,  as  well 
as  removing  the  effluent  from  the  strainers,  for  it  reduces  all 
currents  to  the  minimum,  and  in  addition  provides  ready 
access  for  cleaning,  inspection  and  repair  to  this  most  trouble¬ 
some  part  of  filter  construction. 

The  different  designs  used  in  the  construction  of  these 
false  bottoms  has  been  well  illustrated  in  Mr.  Fleming’s  paper, 
and  we  now  propose  to  discuss  some  alternates. 

Fig.  1T-D  shows  one  of  the  earliest  types  of  filter  col¬ 
lecting  systems,  and  still  advocated  by  many  of  the  filter  build¬ 
ers,  and  its  extensive  use  we  are  prone  to  attribute  first  to  its 
cheapness;  and  second,  to  the  fact  that  many  of  the  filter 
builders  possess  a  full  line  of  patterns  of  this  design,  which 
is  less  offensive  when  made  of  cast  iron  throughout,  and  in¬ 
tolerable  when  wrought  iron  for  laterals  is  employed.  Its 
objectionable  features  are  that  when  corrosion  takes  place,  it 
is  difficult  to  remove;  again,  no  sand  sustaining  medium  or 
filter  strainer  has  yet  been  designed  that  was  proof  at  all  times 
against  some  sand  working  through  into  the  collecting  and 
wash  system,  and  when  it  enters  the  laterals  of  this  type,  the 
first  rush  of  wash  water  drives  it  to  the  end  and  forms  there 
a  plug  which  accumulates  rapidly  and  dead  areas  in  the  filter 
bed  are  the  result. 

Fig.  1T-A  is  a  collecting  and  wash  system  which  has 
been  extensively  used  in  many  of  our  largest  filter  plants, 
but  on  account  of  its  high  cost  of  up-keep  and  general  unre¬ 
liability,  is  being  replaced  in  many  of  these  filters  and  aban¬ 
doned  in  the  major  portion  of  current  filter  designs.  Let  us 
say  in  its  favor,  however,  that  its  advent  was  warmly  heralded 
and  it  was  broadly  copied  ;  but  finding  that  the  wash  rate  can 
be  increased  from  the  old  rate  of  i  gal.  per  sq.  ft.  per  min.  to 
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Fig.  17.  Details  of  Various  Types  of  Collector  Systems  for  Bottoms 

of  Rapid  Sand  Filters. 
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15  and  20  gal.  per  sq.  ft.  per  min.  and  still  maintain  the  sand 
supporting  medium  in  the  location  desired  without  holding  it 
down  with  a  screen  has,  with  the  frailty  of  other  parts  of  this 
design,  contributed  to  its  unpopularity. 

Fig.  17-C  is  a  modification  of  Fig.  17-D,  in  which  at  least 
an  intelligent  attempt  has  been  made  to  overcome  a  portion 
of  the  difficulties  attributed  to  Fig.  17-D  by  providing  re¬ 
movable  tops  to  both  manifold  and  laterals  whereby  they  may 
be  readily  entered  for  cleaning;  but  unlike  the  false  bottom, 
the  filtering  and  sustaining  medium  must  all  be  removed  in 
order  to  clean  or  unstop  even  these  laterals.  They  are,  how¬ 
ever,  embedded  into  concrete  only  up  to  the  cover,  while  the 
laterals  of  Fig.  17-D  are  embedded  to  a  line  tangent  with  the 
top,  necessitating  cutting  out  the  concrete  clear  around  in 
order  that  they  may  be  removed  for  cleaning. 

Fig.  17-B  shows  what  may  be  known  as  the  W  heeler 
system,  wherein  pyramids  are  so  placed  in  the  bottom  of  the 
filter  tub  that  they  form  a  regular  inverted  pyramidal  depres¬ 
sion,  at  the  bottom  of  which  is  a  1-inch  opening  connecting 
to  a  concrete  lateral  below,  and  within  this  pyramidal  depres¬ 
sion  is  first  placed  a  cement  ball,  on  top  of  this  four  more 
cement  balls  of  the  same  size,  together  with  nine  smaller  ones, 
and  on  top  of  these  graded  gravel.  This  system  was  tried  out 
in  some  Maine  plants,  the  result  of  which  lead  to  its  adoption 
at  Akron,  Ohio,  where  I  am  advised  that,  to  date,  it  has  given 
the  best  of  satisfaction.  Its  designers  and  users  report  for  it 
no  weaknesses,  but  if  for  any  reason  the  gravel  ever  gets  past 
the  cement  balls,  I  foresee  trouble  which  could  be  overcome 
by  placing  this  arrangement  over  a  false  bottom. 

The  false  bottom,  which  Mr.  Fleming  has  illustrated  in 
its  different  constructions,  has  been  used  by  many  in  different 
parts  of  this  country  and,  on  the  speaker’s  recommendation, 
was  embodied  in  the  plans  of  the  Mirafiores  plant,  where,  we 
are  advised,  the  satisfaction  it  has  given  to  date  corresponds 
to  that  we  have  obtained  from  its  use  in  the  major  portion  of 
Uncle  Sam’s  domain. 
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Mr.  W.  C.  Hawley:*  It  may  be  interesting  to  refer  briefly 
to  the  early  types  of  mechanical  pressure  filters.  The  first  of 
these  as  stated  by  the  writer,  was  the  Hyatt.  This  consisted 
of  a  vertical  circular  tank  divided  into  two  parts.  In  one  of 
these  was  the  sand  through  which  the  water  filtered.  When 
it  became  necessary  to  wash  the  sand  it  was  done  by  jetting 
the  sand  with  water  into  the  other  compartm  ent ;  the  water 
in  the  filter  compartment  was  then  replaced  with  filtered  water 
and  the  sand  then  put  back  into  its  original  position.  This 
method  was  slow,  requiring  upwards  of  an  hour  to  wash  the 
sand  in  one  filter  bed  but  the  washing  was  done  effectively. 

This  type  of  filter  was  followed  by  others  which,  as 
originally  constructed,  filtered  by  the  water  passing  down 
through  a  bed  of  sand ;  to  wash  the  sand  the  current  was  re¬ 
versed.  In  other  words,  when  the  water  passed  down  through 
the  bed  of  sand  it  was  supposed  to  be  filtering  and  when  the 
water  passed  up  through  the  sand  it  was  supposed  to  be  wash¬ 
ing.  Needless  to  say  such  inefficient  method  of  washing  soon 
resulted  in  the  sand  becoming  clogged  and  little  or  no  im¬ 
provement  in  the  quality  of  the  water  was  made  by  such  “filter¬ 
ing.”  When  this  condition  occurred  the  manufacturers  claimed 
that  there  was  not  a  sufficient  number  of  filters  and  where 
they  succeeded  in  inducing  the  owners  to  put  in  additional 
filters,  they  prominently  advertised  such  sales  to  “satisfied 
customers’'  as  proving  the  merits  of  these  devices.  Subse¬ 
quently,  washing  systems  consisting  of  net  works  of  perforated 
pipe  a  few  inches  below  the  surface  of  the  sand  bed  were 
installed  which  made  it  possible  to  wash  the  sand  more  effec¬ 
tively. 

In  1887  or  1888  filters  made  under  the  Davis-Riddell 
patents  were  put  on  the  market  by  the  American  Filter  Com¬ 
pany  of  Chicago.  The  washing  apparatus  of  these  filters  con¬ 
sisted  of  a  hub  with  radial  hollow  spokes  which  were  per¬ 
forated  on  the  under  side  and  through  which  water  was  forced 
under  considerable  pressure  as  the  hub  and  spokes  were 
raised  up  and  down  through  the  bed  of  sand,  the  wash  water 
being  carried  to  the  sewer.  With  this  device  the  sand  could 

♦Chief  Engineer  and  General  Superintendent,  Pennsylvania  Water 
Company,  Wilkinsburg,  Pa. 
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be  washed  in  from  four  to  eight  minutes  and  results  were 
obtained  equal  to  those  of  the  Hyatt  filters.  Some  of  these 
filters  are  still  used,  having  been  in  service  a  quarter  of  a 
century,  and  are  giving  fairly  good  results. 

Following  the  American  came  the  Blessing  and  similar 
patents  which  provided  for  washing  by  a  stirring  or  raking 
of  the  sand  while  the  water  was  reversed  and  passing  upwards 
through  the  filter  beds.  1  hese  methods  were  applied  to  gravity 
filters  in  wooden  or  steel  tubs  and  then  followed  the  era  of 
concrete  construction  which  has  been  so  well  described  by 
the  writer. 

The  paper  calls  attention  to  the  fact  that,  in  1900,  there 
were  1J/2  million  people  supplied  by  water  from  mechanical 
filters,  7  000  000  in  1910  and  20  000  000  in  1915,  and  explains 
the  slow  adoption  of  this  method  by  the  fact  that  certain  parts 
of  the  process  were  patented.  Doubtless  this  fact  had  some¬ 
thing  to  do  with  the  slow  adoption  of  the  mechanical  process 
of  filtration  but  the  speaker  believes  that  a  much  more  potent 
factor  in  this  respect  was  the  object  by  the  public  to  the  use 
of  a  coagulant  and  that  objection  he  is  sorry  to  say,  to  a  large 
extent,  came  from  and  was  fostered  by  the  physicians.  Even 
today  it  is  one  of  the  standard  objections  that  is  made  to  the 
use  of  mechanical  filters.  Cases  are  on  record  where  con¬ 
sumers  have  detected  the  taste  of  alum  in  a  water  which  it 
was  proposed  to  filter  by  the  mechanical  process,  days  or  even 
weeks  before  the  use  of  alum  was  begun.  A  moment’s  thought 
given  to  this  objection  by  anyone  with  an  ordinary  knowledge 
of  chemistry  will  show  that  there  is  no  foundation  for  it.  1  he 
moment  that  sulphate  of  alumina  is  put  into  water  containing 
carbonate  of  lime,  it  is  broken  up.  The  sulphate  of  lime  in 
the  water  is  decreased  very  slightly  and  the  hydrate  of  alumina, 
which  really  does  the  coagulating,  is  thrown  down  as  a  white 
flocculent,  sticky  precipitate  which  gathers  the  bacteria,  silt, 
etc.,  and  either  settles  or  is  filtered  out  of  the  water.  1  his 
hydrate  of  alumina  is  as  inert  and  harmless  as  so  much  clay 
and  hence  there  is  no  reasonable  objection  to  the  use  ol  such 
a  coagulant. 


864  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

The  writer  did  not  mention  it,  although  a  number  of  the 
views  show  that  in  some  plants  the  water  is  aerated  by  being 
allowed  to  flow  over  the  top  of  the  inlet  pipes  on  to  wooden 
floats  and  thereby  the  iron  and  in  some  cases  also  the  man- 
genese  which  is  in  the  solution  is  precipitated.  This  is  in 
such  cases  an  important  part  in  the  operation  of  the  plant. 
We  have  more  or  less  mangenese  in  the  Allegheny  river. 

Baffling  in  the  sedimentation  basins  of  some  filter  plants 
has  been  very  much  overdone.  A  certain  amount  of  baffling 
is  necessary,  but  too  much  increases  the  velocity  through  the 
passages  of  the  sedimentation  basin  and  causes  dead  spaces 
where  there  is  no  current  and  does  not  give  the  results  de¬ 
sired.  Some  years  ago  a  plant  near  Rochester,  N.  Y.,  had  an 
extensive  wooden  baffling  system  in  its  sedimentation  basin 
which  was  floated,  by  ice  I  believe,  and  those  in  charge  of  the 
plant  were  very  much  worried  for  fear  that  the  sedimentation 
would  be  imperfect.  As  a  matter  of  fact,  however,  they  found 
that  the  results  were  better  without  the  baffles  than  they  had 
been  with  the  baffles  and  the  baffles  were  not  replaced. 

In  the  paper,  comparison  is  made  in  the  case  of  the  Wilk- 
insburg  plant  with  the  typhoid  rate  in  the  district  served  prior 
to  the  building  of  the  plant  and  after.  The  speaker  wishes  to 
call  attention  in  this  connection  to  the  fact  that  for  a  number 
of  years  prior  to  the  building  of  the  plant,  during  which  time 
water  was  supplied  from  filter  cribs  in  the  bottom  of  the 
Allegheny  river,  the  typhoid  rate  in  the  district  served  by  the 
Pennsylvania  Water  Company  had  been  remarkably  low, 
especially  when  it  is  considered  that  it  was  immediately  adja¬ 
cent  to  Pittsburgh  in  which  at  that  time  typhoid  was  endemic. 
There  was  an  epidemic  of  typhoid  in  the  winter  of  1905  and 
1906  and  as  a  result  of  that  epidemic,  through  action  in  the 
courts,  the  company  was  compelled  to  build  the  filter  plant. 
However,  the  evidence  which  was  submitted  in  that  case  was 
not  at  all  conclusive  as  showing  that  the  cause  of  that  typhoid 
was  from  the  water.  The  evidence  was  decidedly  mixed. 
Many  who  had  not  used  the  water  company’s  water  at  all  had 
typhoid,  while  many  who  had  used  that  water  exclusively 
did  not  have  typhoid.  In  the  37th  ward  of  the  City  of  Pitts- 
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burg  which  was  served  by  the  company  and  in  which  the  water 
served  was  undoubtedly  very  much  better  than  raw  river 
water,  they  had  typhoid  to  a  far  greater  extent  than  in  those 
parts  of  the  City  of  Pittsburgh  which  then  received  the  raw' 
Allegheny  River  water,  so  that  a  comparison  which  is  made 
with  the  average  prior  to  the  building  of  the  plant  including 
the  figures  during  that  epidemic  are  hardly  fair  as  showing 
what  the  filter  plant  has  accomplished,  or  as  showing  that  the 
water  now  supplied  is  so  greatly  superior  to  that  supplied 
prior  to  the  building  of  the  filter  plant. 

In  the  slide  which  was  shown  of  the  Pennsylvania 
Water  Company’s  filter  plant  you  noticed  the  standpipe  which 
is  used  for  the  purpose  of  storing  the  wash  water  and  which 
has  on  the  top  of  it  a  sort  of  gasometer  in  which  is  stored  the 
air  which  is  also  used  for  washing.  We  found  that  in  order 
to  pump  the  wash  water  and  compress  the  air  as  it  was  to  be 
used,  furnishing  the  power  from  the  pumping  station,  it  would 
require  the  use  of  about  300  h.p.  in  addition  to  the  1200  h.p. 
which  we  are  ordinarily  using  for  pumping  purposes.  We, 
therefore,  decided  that  it  would  be  better  to  use  less  power, 
approximately  50  to  55  h.p.  for  a  longer  time  to  supply  the 
wash  water  and  air  and  to  store  them,  and  that  method  has 
proved  very  successful.  The  water  tank  is  28  ft.  in  diameter 
and  45  ft.  high,  and  the  gasometer  on  the  top  is  26  ft.  by  22  ft. 
and  is  weighted  so  as  to  give  the  air  the  proper  pressure. 

One  interesting  feature  of  that  plant  is  that  the  wash 
water  instead  of  being  run  into  the  sewer  is  run  into  a  circular 
tank,  settles,  and  after  a  period  of  5  to  6  hours  it  is  pumped 
back  into  the  sedimentation  basin.  There  was  some  question 
as  to  the  advisability  of  doing  this,  but  we  felt  that  after  the 
water  had  been  lifted  over  630  feet,  it  would  be  poor  economy 
to  let  it  run  down  hill  again  and  we  found  by  trial  that  the 
wash  water  when  settled  and  pumped  back  to  the  sedimenta¬ 
tion  basin  is  a  purer  water  than  the  raw  water  which  is  coming 
from  the  pumping  station.  We  have  used  in  the  years  1911 
to  1914  inclusive,  about  2*4  percent  of  the  filtered  water  for 
wash  water.  Of  that  we  have  reclaimed  95  percent  by  this 
method  of  settling  and  repumping,  so  that  as  a  matter  of  fact 
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we  have  used  a  trifle  over  0.1  per  cent  of  the  total  water 
purified  for  washing. 

The  results  given  in  the  paper  include  those  of  the  first 
18  months  or  two  years  of  operation  of  the  plant,  when  to  a 
certain  extent  we  were  experimenting,  and  before  we  had 
arrived  at  the  most  effective  method  of  operating.  For  the 
years  1911  to  1915  including  10  months  of  this  year  to  the  first 
bf  November,  the  total  counts  per  c.c.  in  the  filtered  water 
Were  respectively  14,  15,  29,  3.4,  6.1  and  4.2,  and  for  the  tap 
water  39,  21,  3,  3.7  and  4.  Since  January  1st,  1912,  to  the 
first  of  November,  1915,  out  of  3051  samples  of  water  examined 
for  the  colon  bacillus  it  has  been  found  in  only  4,  and  in  the 
tap  water  out  of  3015  samples  examined  it  was  not  found  in 
one.  The  speaker  knows  of  no  slow  sand  filter  plant  that  can 
equal  this  record. 

Mr.  John  M.  Rice:*  Mr.  Fleming  has  told  you  that  two 
hundred  thousand  people  in  the  vicinity  of  Pittsburgh  are  sup¬ 
plied  by  mechanical  filtered  water.  You  know,  of  course,  that 
the  rest  of  the  people  in  the  City  of  Pittsburgh  are  now  supplied 
with  water  filtered  by  the  slow  sand  process. 

In  looking  over  the  report  of  the  Pittsburgh  Filtration  Com¬ 
mission  today  the  writer  was  struck  by  several  of  the  conclusions. 
You  know  they  made  an  investigation  covering  about  a  year  and 
a  half  at  the  Brilliant  Pumping  Station,  in  which  they  tested  out 
two  sand  filters  and  two  types  of  mechanical  filters  and,  as  a  result 
of  this  test,  slow  sand  filters  were  recommended. 

The  conclusions  were  based  upon  the  following  analysis  of 
results  of  the  tests  and  estimates  of  cost: 


Efficiency ** 


“The  average  results  of  turbidity,  color,  bacteria,  and  hardness  of  the 
river  water,  mechanical  filters,  and  Sand  Filter  No.  1,  for  the  seven 
months,  ending  August,  1898,  but  excluding  results  obtained  during  special 
experiments  with  mechanical  filters,  are  as  follows : 


Turbidity  . 

Color  . 

Bacteria  . 

Temporary  Hardness 

Total  Hardness  . 

Permanent  Hardness, 
Constituents  . 


River 

Water 

0.200 

0.26 


Mechanical  Sand  Filter 


or  Encrusting 


Filters 

0.003 

0.03 

247 


No.  1 
0.010 
0.07 
106 


2.56  1.66 

3.53 

3.31  2.97 

4.31 

0.75  1.31 

0.78 

Engineer,  Pittsburgh. 
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Cost  of  Construction ~ 

Slow  Sand  Filters 

Sedimentation  Basin  .  $  200,000 

Filters  .  1.092.000 

Filtered  Water  Reservoir .  133,000 

Force  Main  and  Conduits .  78,600 

Engineering  and  Contingencies .  150,360 

Land  .  420,000 

Total .  $2,073,960 

Per  Million  Gallons  Daily  Capacity .  $41,500 

Cost  of  Maintenance  per  Million  Gallons 

Slow  Sand  Filter  Mechanical  Filter 

Interest  3Vi%  .  $3.J)  $2.19 

Depreciation  1.3%  and  3%% . 

Operation  .  .  . 

$8.31  $8.21 


Mechanical  Filters 

$ . 

858,800 

133,000 

57,500 

104,930 

75,000 

$1,229,230 

$24,600 


1.21 

3.40 


2.38 

3.64 


•♦Page  63  of  Report. 

tAdapted  from  page  65  of  Report,  by  adding  allowance  lor  ro\eiing 
and  omitting  pump  station  and  tunnel  under  river. 

JAdapted  from  page  66  of  Report  on  same  basis  as  preceding  table. 

“Interest  has  been  taken  on  the  entire  estimated  costs  of  the  plants 
at  3/4  percent.  Depreciation  has  been  reckoned  as  follows  :  No  depre¬ 
ciation  has  been  allowed  upon  land.  On  the  intake,  pumps,  boilers  and 
mechanical  filters  an  annual  charge  of  3.722  percent  is  made,  which  sum, 
placed  at  three  percent  compound  interest,  is  sufficient  to  produce  a  fund 
equal  to  the  original  cost  in  twenty  years.  On  the  buildings  and  all  ma¬ 
sonry  and  other  more  permanent  structures  an  annual  charge  of  l.o2  >  per¬ 
cent  is  made,  which  charge  is  sufficient,  computed  as  above,  to  produce  a 
fund  equal  to  the  original  cost  in  forty  years.  In  computing  the  deprecia¬ 
tion  the  proportionate  charges  for  engineering  and  contingencies  have  been 

allowed. 

“Some  of  the  masonry  structures  included  in  the  forty-year  class 
would  be  entirely  permanent  in  character,  and  there  would  be  no  deprecia¬ 
tion  upon  them.  It  is  thought  best,  however,  to  make  the  charges  upon 
all  structures,  on  the  ground  that  with  increasing  population  upon  the 
water-shed,  it  is  not  certain  that  the  Allegheny  River  water,  even  with 
filtration,  will  be  a  suitable  source  of  supply  for  Pittsburgh  at  the  point 
now  selected  for  a  longer  period  than  forty  years,  and  it  is  therefore  ad¬ 
visable  to  provide  for  the  payment  of  all  indebtedness  incurred  on  account 

of  this  plant  within  that  period  of  time. 

“With  the  mechanical  filters,  pumps  and  other  machinery,  on  which 
depreciation  is  reckoned  sufficient  to  replace  them  in  twenty  years,  certain 
parts  will  undoubtedly  be  in  good  order  and  capable  of  service  much 
longer  than  that  period.  Other  parts  of  the  machinery  will  require  to  be 
replaced  at  much  earlier  dates.  On  the  whole,  it  is  believed  that  a  twenty- 
year  life  is  a  conservative  estimate  for  the  pumps  and  filters.  In  the  case 
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of  mechanical  filters  there  is  a  reason  for  limiting  the  estimated  life  of 
the  plant  not  existing  in  the  case  of  the  pumps,  namely,  the  probable 
change  in  the  types  of  filters,  and  consequent  antiquation  of  the  plant. 

“In  the  past  the  change  in  the  types  of  mechanical  filters  has  been 
very  rapid.  At  the  present  time  no  plant  is  in  existence  which  has  been 
used  for  five  years  which  would  be  considered  as  reasonably  satisfactory. 
The  type  of  filter  has,  however,  been  much  improved,  and  it  would  not  be 
fair  to  assume  that  changes  will  take  place  as  rapidly  in  the  future  as  they 
have  done  in  the  past,  and  that  the  plant  now  constructed  would  be  in¬ 
capable  of  future  economical  use  in  five  years.  On  the  other  hand,  it  is 
not  safe  to  assume  that  the  plant  now  installed  will  continue  to  be  reason¬ 
ably  satisfactory  for  a  very  long  period  of  years;  and  aside  from  the  ques¬ 
tion  of  rusting,  wearing  and  breaking  of  parts,  it  is  not  believed  that  it  is 
prudent  to  take  the  life  of  these  filters  at  more  than  twenty  years.”* 

The  Commission,  therefore,  formulated  conclusions  from 
which  the  following  extracts  are  taken  (pp.  5,  6)  : 

“We  find  that  the  weight  of  evidence,  obtained  by  experiment,  is  in 
favor  of  sand  filtration;  so  far  as  efficiency  *  *  *  is  concerned. 

“*  *  *  the  finding  as  to  the  question  of  durability  is  decidedly  in 

favor  of  the  system  of  sand  filtration. 

“The  weight  of  evidence  is  found  by  the  Commission  to  be  decidedly 
in  favor  of  sand  filtration,  so  far  as  simplicity  of  operation  is  concerned. 

“The  facts  that  no  patents  and  consequent  charges  on  this  account  are 
to  be  met  in  case  of  the  use  of  sand  filters  is  an  additional  consideration 

3jC  5$:  >> 

“In  view  of  all  the  foregoing  considerations  we  find  the  adoption  of 
the  system  of  sand  filtration  to  be  the  most  advisable.” 

Taking  into  account  the  state  of  the  art  at  that  period,  and  in 
the  light  of  the  information  derived  from  the  tests  and  investiga¬ 
tions  then  made,  it  is  apparent  that  this  Commission  of  highly 
patriotic  citizens  of  Pittsburgh  decided,  with  full  understanding 
of  its  responsibility,  that  which  it  deemed  best.  And  the  wisdom 
of  its  decision  has  been  borne  out  by  the  gratifying  results,  which 
have  led  to  the  practical  elimination  of  that  dreaded  disease — 
typhoid  fever — from  the  list  of  Pittsburgh’s  characteristics  in  the 
eyes  of  the  world. 

Reviewing  the  situation,  however,  in  the  light  of  present-day 
information,  we  find  the  following  as  changed  conditions : 

Efficiency:  Mechanical  filtration  will  give  a  greater  removal 
of  turbidity  and  color  and  an  equal  removal  of  bacteria. 

♦Pages  66,  67  and  68  of  Report. 
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Durability  and  Simplicity:  Considering  the  items  of  dura¬ 
bility  and  simplicity  of  operation  at  the  present  time,  changes  have 
occurred  in  this  respect  also,  and  mechanical  filters  are  no  longer 
built  with  wooden  tubs  and  with  stirring  rakes  and  other  forms  of 
non-permanent  machinery  which  easily  wear  out.  It  is  also  true, 
particularly  with  the  changing  characteristic  of  these  n\ers  in 
Western  Pennsylvania,  that  the  simplicity  of  operation  is  no 
longer  markedly  less  with  slow  sand  filters  than  with  those  of  the 
rapid  type  using  coagulant. 

Cost  of  Construction:  Mechanical  filtration,  including  all 
the  items  given  above,  would  cost  not  over  S^O  000  pei  million 
gallons  capacity,  and  the  first  46  filters  of  the  existing  sand  plant 
have  cost  $38  000  per  million  gallons  capacity. 

Maintenance  Cost:  The  rate  of  interest  paid  by  the  city  on 
the  filtration  bonds  is  from  3J4  to  4*/2  percent,  and  the  modern 
type  of  mechanical  filtration  plant  as  described  b\  Mr.  Fleming 
certainly  has  a  life  greater  than  20  years,  and  we  may  well  assume 
it  as  not  less  than  30  years. 

The  operation  costs  of  mechanical  filtration  would  probablv 
be  reduced  from  that  estimated,  especially  if  the  city  could  ar¬ 
range  to  manufacture  alum,  as  is  now  being  done  at  0  olumbus, 
Ohio,  or  if  lime  and  sulphate  of  iron  were  used.  Figures  are 
available  for  the  cost  of  maintenance  of  the  slow  sand  filters  in 
the  annual  reports  of  the  Bureau  of  Water,  and  these  show  a 
steady  decrease  in  operation  charges.  1  he  last  published  report 
of  the  Bureau  of  Water  (1912)  gives  the  cost  of  operation  and 

maintenance  as  $2.75  per  million  gallons. 

Collecting  and  arranging  these  figures  we  have  for  com¬ 
parison  under  present  conditions: 

Slow  Sand  Filters  Mechanical  Filters 


First  Cost  per  Million  Gallons  Daily 
Capacity  . 


$38,000 


$20,000 


Cost  per  Million  Gallons: 

Interest  4%  . 

Depreciation  1.3%  and  2.1% .  L^-l 

Operation  and  Maintenance .  2  75 

Total  per  Million  Gallons....  $8.06 


$2.19 

1.15 

2.50 


$5.S4 


It  is  apparent  from  these  data,  including  the  changes  in  the 
character  of  river  water  and  in  the  art,  the  probable  approach  to 
permanency,  the  improvement  of  materials  and  methods  of  con- 
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struction  as  related  by  the  author,  and  freedom  from  patent  roy¬ 
alties,  that  were  a  decision  to  be  reached  at  the  present  time  a  dif¬ 
ferent  conclusion  would  probably  result. 

In  our  own  recent  office  practice  we  have  used  various  types 
of  filter  underdrains  except  the  false-bottom  type,  and  we  recently 
installed  a  plant,  about  a  year  ago,  in  which  we  used  an  under¬ 
drainage  system  similar  to  the  one  at  Cincinnati,  with  the  excep¬ 
tion  that,  instead  of  having  a  small  amount  of  gravel  on  top  of  the 
brass  screen,  we  had  12  to  14  in.  of  gravel,  and  did  not  use  any 
holding-down  screen  on  top  of  that.  The  writer  had  occasion 
to  examine  this  filter  plant  the  other  day  and  found  that  the  gravel 
had  not  been  washed  into  the  sand,  and  it  has  been  giving  very 
good  results.  We  did  have  some  difficulty,  however,  due  to  break¬ 
ing  of  several  of  the  strainer  plates  in  one  filter.  Upon  investiga¬ 
tion  we  found  that  the  same  trouble  had  been  experienced  at 
Minneapolis  and  one  or  two  other  places,  and  with  further  study 
we  have  come  to  the  conclusion  that  it  was  not  a  fault  of  the 
strainer  system,  but  a  fault  of  the  material.  The  brass  had  not 
been  properly  annealed,  and  when  pressure  was  put  upon  it  some 
of  these  plates  gave  away.  It  was  not  a  very  serious  matter,  but 
it  gave  some  trouble,  requiring  that  particular  filter  to  be  shut 
down. 


CORRESPONDENCE 

Messrs.  Jas.  O.  Handy*  and  S.  Buka:*  Air.  Fleming’s 
paper  is  an  excellent  presentation  of  his  subject.  Our  experience 
relates  to  inspection  and  operating  control  of  water  filtration 
plants.  We  offer  the  following  discussion  on  operating  troubles, 
etc. : 

OPERATING  CONTROL 

The  man  in  charge  of  a  filter  plant  must  be  taught : 

1st :  How  to  determine  proper  coagulant  charge. 

2nd :  How  to  operate  coagulant  feed  accurately. 

3rd :  How  to  determine  alkalinity. 

4th :  How  to  wash  filters  economically  and  efficiently. 


♦Of  Pittsburgh  Testing  Laboratory,  Pittsburgh. 
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5th:  How  to  adjust  filtration  rate  controllers. 

6th:  How  to  read  and  interpret  ‘‘loss  of  head”  gages. 

There  must  be  efficiency  and  economy  in  use  oi  coagulant. 
There  must  be  alkalinity  supplied  if  it  is  deficient  in  the 

water. 

The  efficient  washing  of  filters  depends,  not  only  on  proper 
design,  but  on  correct  use  of  appliances  for  rapid,  thorough  and 

complete  washing.  . 

The  right  use  of  rate  controllers  and  the  close  watching  ot 

“loss  of  head”  gages  are  important  matters. 

OPERATING  TROUBLES 

The  main  difficulties  which  are  occasionally  met  are : 

1st :  “Breaking  of  the  blanket.’ 

2nd:  “Pin-head  flock.” 

3rd:  “Red  water.” 

4th :  “Air  binding.” 

Sudden  variation  in  the  rate  or  evenness  of  flow  is  the  most 
common  cause  of  “breaking  the  blanket”  of  gelatinous  material 
at  the  surface  of  the  filter.  Large  numbers  ot  bacteria  pass 

through  before  such  a  break  can  be  repaiied. 

“Pin-head  flock”  may  be  caused  by  insufficient  settling  ca- 
pacity.  Change  in  design,  or,  in  some  cases,  change  in  chemical 

treatment,  remedies  the  trouble. 

“Red  water”  is  usually  caused  by  corrosion  due  to  excessne 

carbon  dioxide  and  oxygen  in  the  filtered  water.  1  roper  chem¬ 
ical  treatment  will  remedy  the  acid  condition  and  stop  the  cor¬ 
rosive  action.  . 

“Air  binding”  occurs  in  plants  not  under  technical  super¬ 
vision.  Operating  in  cold  weather  under  excessive  “loss  of  head 

is  responsible.  ,  .  ,  .  , 

Regular  inspection  and  bacteriological  tests  should  be  made 

at  frequent  intervals  by  an  outside  organization. 


Mr.  George  C.  Bunker:*  With  the  adoption  ot  deeper 
layers  of  graded  gravel  the  use  of  screens  for  holding  it  down  so 

•Physiologist  of  the  Panama  Canal,  in  charge  of  Purification  of 
Water  Supplies  in  Canal  Zone,  Gatun,  L.  z.. 
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that  it  would  not  be  thrown  up  into  the  sand  was  discontinued. 
At  the  same  time  the  high  velocity  water  wash  was  established 
and  the  air  wash  abandoned.  While  it  has  been  proved  that  a  rate 
of  washing  of  15  gal.  or  more  per  square  foot  of  sand  surface  will 
effectively  clean  the  filtering  material,  the  problem  remains  of 
selecting  a  filter  bottom  which  is  simple  and  effectively  distributes 
the  wash  water. 

The  most  serious  objections  to  the  filter  bottoms  in  present 
use  are  inefficient  and  unequal  distribution  of  wash  water,  espe¬ 
cially  along  the  sides  and  in  the  corners  of  filters,  with  a  resultant 
development  of  balls  and  cakes  of  mud  and  an  accumulation  of 
bacteria.  The  complicated  design  of  the  ridge  block  bottom  fur¬ 
nishes  sufficient  reason  for  its  rejection,  to  say  nothing  of  the 
expensive  repairs  and  maintenance.  The  filter  companies  still 
cling  tenaciously  to  the  old  bottom  of  one  or  more  manifolds,  with 
laterals  of  wrought  or  galvanized  iron  pipe,  into  which  strainers 
are  screwed.  However,  consulting  engineers  have  gradually 
broken  away  from  this  type  of  an  inferior  bottom,  except  in  the 
design  of  filter  plants  for  small  communities,  which  are  still  bur¬ 
dened  with  it. 

In  the  opinion  of  the  writer,  the  most  important  improve¬ 
ments  in  the  art  of  rapid  sand  filtration  are  the  developments  of 
the  concrete  false  bottom,  reinforced  in  such  a  manner  as  to  with¬ 
stand  the  pressure  developed  by  a  high  velocity  wash,  and  the 
downward  deflection  of  the  wash  water.  The  Miraflores  purifica¬ 
tion  plant,  at  Miraflores,  Canal  Zone,  placed  in  operation  in 
March,  1915,  contains  fourteen  filters  equipped  with  concrete 
false  bottoms. 

Mr.  George  M.  Wells,  resident  engineer,  Balboa  Heights, 
C.  Z.,  designed  this  plant  and  published  a  description  of  it  before 
completion  in  the  Journal  of  the  New  England  Water  Works 
Association,  September,  191T.  On  page  256  of  this  number  Mr. 
Wells  made  the  following  statement : 

“In  the  design  of  the  filter  unit  the  usual  underdrainage  system  of 
collector  pipes  has  been  abandoned  and  the  falsebottom  or  pressure  cham¬ 
ber  plan  adopted.  The  idea  of  the  false  bottom  was  first  suggested  to  the 
writer  by  Mr.  J.  N.  Chester,  of  Pittsburgh,  but  before  the  decision  was 
made  to  adopt  this  system  more  or  less  extensive  experiments  were  under¬ 
taken  to  ascertain  the  most  suitable  type  of  strainer  system ;  the  relation 
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between  area  of  bed  and  total  area  of  strainer  openings ;  the  pressure  re¬ 
quired  in  the  pressure  chamber  for  varying  rates  of  wash  from  5  gal.  to 
20  gal.  per  min.  per  sq.  ft.  of  filtering  area;  the  most  suitable  depth  of 
gravel  bed;  the  possibilities  of  having  a  mixing  in  the  event  of  sudden 
admission  of  large  quantities  of  wash  water;  the  resulting  uniformity  of 
agitation  over  the  bed;  the*  most  suitable  arrangement  of  wash  troughs, 
and  the  shapes  of  the  trough  edges  acting  as  weirs.” 

Each  filter  measures  19  ft.  9  in.  by  21  ft.  6  in.,  which  gives 
a  sand  area  of  425  sq.  ft.  The  total  depth  from  the  top  of  the 
walls  to  the  true  bottom  is  14  ft.,  to  the  false  bottom  11  ft.  I  he 
normal  elevation  of  the  water  in  the  filter  is  one  toot  below  the 
top  of  the  walls,  which  gives  an  average  depth  of  •>  ft.  6  in.  of 
water  over  the  sand. 

The  floor  or  true  bottom  of  each  filter  is  14  in.  thick.  Two 
feet  above  this  floor  is  the  reinforced  concrete  false  bottom,  one 
foot  thick,  which  is  supported  by  concrete  pillars.  In  this  are 
placed  1677  vertical  brass  feed  or  strainer  pipes,  with  inside  and 
outside  diameters  of  11/32  and  17/32  inch,  respectively.  They 
are  spaced  6  in.  apart,  cr.  to  cr.,  and  above  the  top  of  the  false 
bottom  are  bent  over  180  degrees,  with  brass  strainers  screwed 
over  the  ends,  so  that  the  wash  water  is  delivered  directly  upon 
the  concrete  instead  of  upwards  into  the  gravel.  The  brass 
strainers,  containing  25  holes,  1/16  inch  in  diameter,  set  about 

154  inches  above  the  false  bottom. 

The  graded  gravel  is  arranged  in  three  layers;  the  bottom 
layer  consists  of  8  in.  of  the  size  that  will  pass  an  l-;4  in.  and  be 
retained  on  an  1-inch  square  mesh;  the  middle  layer  consists  of 
12  in.  of  the  size  that  will  pass  a  1-inch  and  be  retained  on  a 
ys  in.  mesh ;  the  top  layer  consists  of  4-inches  of  the  size  between 
ys  in.  and  3/16  in.  diameter.  Thirty  inches  of  sand  from  a  local 
beach,  with  an  effective  size  and  uniformity  coefficient  of  0.40 
and  1.9,  respectively,  complete  the  filtering  material. 

A  high  velocity  wash  of  15  gal.  per  sq.  ft.  ot  sand  surface 
consumes  6400  gal.  of  wash  water  per  minute  and  develops  a 
pressure  of  16  lb.  per  sq.  in.  on  the  false  bottom,  which  was.  de¬ 
signed  to  withstand  a  pressure  of  28  lb.  per  sq.  in.  1  he  sand  bed 
is  raised  8*4  in.  above  its  normal  elevation.  The  relation  between 
the  area  of  the  strainer  openings  and  that  ot  the  sand  surface  of 
each  unit  is  1  to  475,  or  0.21  percent. 
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The  strainers  were  not  placed  on  the  feed  pipes  in  three  of 
the  filters.  Washing  at  the  above  rate  a  pressure  of  11  lb.  per 
sq.  in.  is  developed.  After  seven  months’  service  these  filters  are 
in  as  good  condition  as  the  other  eleven  filters  which  are  equipppd 
with  strainers.  It  is  the  opinion  of  the  writer  that  a  false  bottom 
and  20  to  24  in.  of  gravel  render  strainers  unnecessary. 

Concrete  filter  troughs  not  only  add  to  the  appearance  of  a 
filter,  but  eliminate  the  constant  scraping  and  painting  of  steel 
troughs.  One  large  central  and  six  lateral  concrete  troughs, 
measuring  24  and  13  in.  wide  inside,  respectively,  with  edges  2l/2 
in.  thick,  effectively  remove  the  wash  water.  When  washing  at 
the  rate  of  15  gal.  per  sq.  ft.  the  depth  of  water  over  the  weirs  is 
1  Y\  in.  By  means  of  weirs  cut  into  the  troughs  the  maximum 
travel  of  the  suspended  particles  is  limited  to  2.5  ft.,  and  there  is 
sufficient  current  at  the  filter  wall  ends  of  the  lateral  troughs  to 
prevent  their  settling  out.  In  the  construction  of  concrete  troughs 
it  is  necessary  that  the  upper  surfaces  of  the  edges  shall  be  level 
both  lengthwise  and  crosswise. 

While  the  loss  of  head  gauge  is  not  a  recent  improvement, 
strictly  speaking,  yet  comparatively  few  filter  plants,  especially 
the  smaller  ones,  have  included  it  in  their  operative  equipment. 
They  are  of  invaluable  assistance  to  a  filter  operator  in  indicating 
the  proper  time  for  cutting  out  and  draining  the  filters  prior  to 
washing.  At  the  Miraflores  filter  plant,  where  the  length  of  the 
filter  runs  is  constantly  varying  from  7  to  95  hours,  as  a  result  of 
the  presence  of  different  species  and  numbers  of  algae  in  the  raw 
water,  the  loss  of  head  gauges  are  especially  valuable.  The  initial 
loss  of  head  with  a  clean  filter,  operating  at  the  rate  of  125  000  000 
gallons  per  acre  per  day,  is  1-foot.  A  maximum  loss  of  head  of 
11.5  ft.  is  allowed. 

As  stated  by  Mr.  Fleming,  the  writer  has  found  that  the 
float  type  of  loss  of  head  gauge  requires  a  large  amount  of  atten¬ 
tion,  principally  on  account  of  the  breaking  and  twisting  of  the 
wires.  The  new  type  of  gauge  in  use  at  the  Alliance  filter  plant 
is  a  decided  improvement,  inasmuch  as  the  wires  are  eliminated. 

The  equipment  of  each  operating  table  with  small  10  watt 
green  and  red  lamps  is  an  excellent  idea.  The  former  may  be 
arranged  to  burn  while  the  filter  is  in  operation  and  the  latter  to 
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start  to  burn  when  the  loss  of  head  reaches  the  maximum  point, 
serving  as  a  warning  signal  to  the  filter  operator.  In  a  long 
filter  room  or  building  the  lights  are  of  more  service  if  they  are 
mounted  on  a  panel  on  the  wall,  either  at  one  en^l  or  side  of  the 
building,  so  that  a  glance  at  it  will  show  both  the  filters  in  oper¬ 
ation,  and  of  these  any  which  have  reached  the  maximum  loss  of 
head. 

Concerning  the  author’s  heading,  “Expert  Supervision,”  the 
writer  feels  that  the  efficient  and  discriminative  operation  of 
rapid  sand  filter  plants  has  been  neglected,  both  by  municipalities 
and  private  companies.  To  the  average  filter  operator,  whether  he 
be  a  pump  operator,  mechanic  or  inexperienced  graduate  from  a 
course  in  sanitary  chemistry  or  engineering,  it  generally  appears 
that  the  filters  are  only  tanks  or  concrete  boxes  which  contain  a 
mixture  of  sand  and  gravel,  and  are  equipped  with  valves  which 
have  to  be  opened  one  or  more  times  each  day  with  the  expendi¬ 
ture  of  a  little  “elbow  grease.” 

The  writer  has  never  seen  two  filters  which  operate  exactly 
the  same,  even  though  their  dimensions  and  equipment  are  in 
duplicate.  The  peculiarities  of  each  filter  should  be  learned ;  the 
development  of  cracks  with  the  consequent  accumulation  of  mud, 
the  formation  of  mud  balls  and  the  depth  to  which  they  penetrate 
the  sand,  the  stratification  of  the  sand,  the  mixing  of  the  sand  and 
gravel,  the  distance  of  the  sand  below  the  wash  water  troughs, 
and  numerous  other  details  should  be  carefully  watched  and 
recorded. 

The  majority  of  filter  operators  are  inclined  to  consider  that 
the  washing  of  a  filter  is  purely  mechanical  operation,  which  con¬ 
sists  of  opening  and  closing  the  wash  water  valve  and  allowing 
the  wash  water  to  run  for  a  certain  number  of  minutes.  I  he 
slow  opening  and  closing  of  a  wash  water  valve  are  very  im¬ 
portant  in  order  to  prevent  the  mixing  of  the  gravel  and  sand 
and  to  insure  the  proper  grading  of  the  latter,  that  is,  the  coarse 
sand  next  to  the  gravel  and  the  fine  sand  at  the  top.  Instructions 
to  consume  at  least  one  minute  in  opening  a  wash  water  valve 
are  too  often  regarded  as  impractical  and  fussy  ideas  of  the  boss. 

In  filter  plants  equipped  with  operating  tables  and  valves 
operated  by  hydraulic  cylinders  an  excellent  opportunity  is 
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afforded  for  careful  opening  and  closing  of  the  wash  water  valves. 
A  stop  watch  is  very  convenient  and  essential  for  timing  the 
action  of  the  valves.  The  use  of  needle  valves  on  the  pressure 
lines  running  to  the  inlet  and  outlet  ends  of  the  hydrulic  cylinders 
is  a  very  satisfactory  safety  device.  The  needle  valves  may  be  so 
set  that  when  the  wash  water  handle  on  the  operating  table  is 
thrown  wide  open,  or  to  a  certain  fixed  point,  the  valve  admitting 
the  wash  water  will  slowly  and  steadily  open  in  a  period  of  one, 
two  or  the  desired  number  of  minutes.  Likewise,  when  the  wash¬ 
ing  of  a  filter  is  finished  the  wash  water  valve  will  slowly  close. 

The  draining  of  a  filter  to  within  three  or  four  inches  of  the 
sand  is  a  little  troublesome,  perhaps,  but  the  sand  surface  is 
brought  into  view  and  the  development  of  cracks  and  accumula¬ 
tion  of  mud  balls  may  be  watched.  The  examination  of  the  sand 
and  gravel  is  a  detail  too  often  neglected  and  postponed  until 
conditions  are  such  that  it  is  too  late  to  apply  a  remedy  and  the 
filtering  material  must  be  removed,  washed  and  replaced  on  ac¬ 
count  of  dirty  gravel  or  accumulation  of  mud  balls  throughout 
the  sand. 

A  recent  improvement,  which  might  be  termed  aesthetic 
rather  than  practical  by  some,  is  that  resulting  from  increased 
attention  to  the  interior  and  exterior  finish  of  filter  plants.  The 
illustrations  of  the  Erie  filter  plant  in  the  forty-eighth  annual  re¬ 
port  of  the  Commissioners  of  Water  Works,  Erie,  Pa.,  serve  as 
excellent  examples.  In  the  Miraflores  filter  plant  the  red  tile 
floor,  the  solid  slate  operating  tables,  the  black  enamel  finish  of 
the  filter  walls,  and  the  contrasting  white  finish  of  the  upper  walls 
serve  to  create  an  excellent  impression  on  visitors.  While  a  small 
point,  the  use  of  curved  tile  to  form  the  juncture  between  the  filter 
walls  and  the  operating  floor  is  worthy  of  mention,  for  it  elim¬ 
inates  a  dirt  catcher  and  aids  in  the  general  appearance  of  neat¬ 
ness.  An  attractive,  neat  and  clean  filter  plant  impresses  the 
public  fully  as  much  as  the  process  by  which  muddy  water  is  con¬ 
verted  into  clean  sparkling  filtered  water,  and  creates  an  often 
unexpressed  but  nevertheless  conscious  confidence  in  the  handling 
of  their  drinking  water. 
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Mr.  M.  F.  Newman  :*  The  writer  is  much  interested  in  that 
portion  of  Mr.  Fleming’s  paper  dealing  with  reliable  control  of 
chemical  feed,  and  in  this  connection  beg  to  submit  a  description 
of  an  automatic  coagulant  feeding  apparatus  which  Ilis  been  de¬ 
veloped  under  his  supervision  in  connection  with  the  filtration 
work  done  by  the  company  with  which  he  is  connected. 


Fig.  18. 


The  apparatus  as  illustrated  in  Fig.  18  shows  an  automatic 
coagulant  feeding  device  which  is  based  upon  using  a  saturated 
solution  of  coagulant  made  from  aluminum  sulphate  or  ferrous 

sulphate,  depending  upon  the  water  supply. 

Briefly,  this  apparatus  consists  of  a  weir  tank  containing  a 
fixed  and  an  adjustable  weir,  a  coagulant  dissolving  and  satur¬ 
ating  tank,  the  necessary  pipe  connections  to  introduce  the  coagu- 
lent  solution,  and  means  to  keep  the  stream  of  coagulant  solution 
from  crystallizing. 

In  operation  the  water  enters  the  weir  tank,  in  which  it  is 
divided  into  two  streams,  the  main  flow  of  watei  passing  out 

♦Manager,  Water  Purifying  Department,  Wm.  B.  Scaife  &  Sons  Co.. 
Pittsburgh. 
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through  the  fixed  weir  and  a  small  stream  of  water  being  passed 
through  the  circular  adjustable  weir.  These  weirs  are  of  the 
same  shape  and  are  set  on  the  same  elevation,  so  that  the  depth 
of  water  flowing  through  them  is  the  same;  therefore,  they  are 
exactly  in  proportion.  The  water  from  the  adjustable  weir  flows 
to  the  coagulant  saturating  tank.  This  tank  is  so  constructed  that 
the  coagulant  is  partly  submerged  and  the  water  coming  from  the 
adjustable  weir  flows  over  the  submerged  coagulant,  then  down 
through  the  submerged  coagulant,  through  the  wood  fiber  filter 
into  the  storage  chamber  in  the  bottom  of  the  tank. 

The  discharge  pipe  from  the  storage  chamber  is  carried  up 
to  the  height  required  for  keeping  a  portion  of  the  coagulant  in 
submergance.  The  height  of  the  discharge  pipe  fixes  the  level  of 
the  solution  in  the  tank  and  the  inflowing  water  from  the  adjust¬ 
able  weir  displaces  an  equal  volume  of  solution.  The  coagulant 
solution  is  delivered  into  the  main  stream  of  water  flowing  from 
the  fixed  weir.  To  prevent  the  strong  solution  from  crystallizing 
and  depositing  in  piping  when  exposed  to  the  air,  a  small  stream 
of  water  from  the  weir  tank  is  constantly  flowing  into  the  dis¬ 
charge  from  the  coagulant  saturator. 

It  will  be  noted  that  there  is  an  exact  proportion  between  the 
water  flowing  from  the  weir  tank  into  the  sedimentation  tank  and 
that  flowing  into  the  coagulant  saturator,  varying  with  the  height 
of  water  in  the  weir  tank;  also  that  when  no  water  is  supplied  to 
the  weir  tank  the  flow  of  coagulant  stops,  and  when  the  flow  of 
water  over  the  weirs  again  starts  the  proper  proportion  of  coagu¬ 
lant  is  introduced. 

The  dry  coagulant  is  introduced  in  lump  form,  and  in  order 
to  charge  the  apparatus  it  is  only  necessary  to  introduce  dry  coag¬ 
ulant  to  maintain  the  proper  level  above  the  submerged  coagulant 
in  the  saturator.  The  starting  and  stopping  of  the  flow  of  coag¬ 
ulant  is  directly  dependent  upon  the  flow  of  water  to  the  weir 
tank,  and  it  does  not  require  any  opening  or  closing  of  valves  to 
start  or  stop  the  flow  of  coagulant  solution.  To  vary  the  quan¬ 
tity  of  coagulant  solution,  the  adjustable  weir  is  opened  or  closed. 
This  weir  consists  of  two  slotted  brass  tubes,  fitted  one  within  the 
other,  the  inner  tube  stationary,  while  the  outer  one  operates  to 
increase  or  diminish  the  number  of  the  slot  openings.  On  top 
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Fig.  19. 


of  the  stationary  tube  is  mounted  a  pointer  which  indicates  on  a 
dial  on  the  outer  tube  the  extent  of  the  slot  opening,  which  can 
be  adjusted  from  a  mere  drip  to  a  stream  of  any  size  required. 

This  apparatus  has  been  in  successful  operation  for  several 
years,  and  in  practice  has  successfully  met  all  of  the  conditions 
for  accurate  and  automatic  introduction  of  coagulant,  requiring 
but  a  minimum  of  attention. 

In  connection  with  the  automatic  coagulant  feeding  device 
there  has  been  developed  an  automatic  device  for  the  introduction 
of  a  reagent,  Fig.  19,  to  meet  the  conditions  where  the  alkalinity  of 
the  water  to  be  filtered  is  too  low,  or  too  variable  within  low  limits 
to  insure  the  proper  decomposition  of  the  coagulant.  1  he  ap¬ 
paratus,  as  illustrated,  provides  for  the  introduction  of  a  reagent 
in  exact  proportion  to  the  flow  of  water.  1  his  is  accomplished 
by  placing  a  partition  in  the  weir  tank  before  described  and  ha\ ing 
the  discharge  of  the  fixed  weir  occur  within  the  tank  to  fill  the 
compartment  in  which  the  syphon  is  placed.  \\  hen  this  compart¬ 
ment  fills  to  the  height  which  starts  the  flow  through  the  syphon 
it  continues  until  the  compartment  is  empty.  When  this  syphon 
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begins  to  flow  it  starts  an  auxiliary  syphon,  which  introduces  the 
reagent  solution  during  the  period  of  its  flow. 

As  soon  as  the  compartment  from  which  the  main  syphon 
operates  is  emptied,  both  syphons  stop  flowing  until  the  syphon 
compartment  again  refills  to  the  point  where  it  starts  the  syphon 
to  flow.  The  harmonious  action  of  these  syphons  depends  only 
upon  the  periodic  rise  of  the  water  to  the  same  height  in  the 
syphon  compartment  of  the  weir  tank  and  a  direct  proportion  is 
established  between  the  flow  of  reagent  solution  and  the  flow  of 
water  to  the  sedimentation  tank  through  the  syphon.  The  reagent 
introducing  syphon  is  connected  to  a  constant  level  tank  sup¬ 
plied  from  the  reagent  solution  storage  tank.  The  syphon  draws 
from  the  constant  head  tank  under  a  uniform  condition,  so  that 
the  volume  of  solution  for  any  given  period  of  syphon  discharge 
is  constant. 

This  syphon  reagent  feeding  device  is  adaptable  for  one  or 
more  solutions,  and  with  it  a  solution  of  hypochlorite  of  lime  can 
be  introduced  into  the  effluent  from  the  filter,  and  the  flow  auto¬ 
matically  controlled  by  means  of  the  flow  of  water  into  the  filter 
system,  so  that  when  no  water  is  flowing  to  the  filter  system  no 
solution  is  introduced,  and  when  the  flow  starts  the  introduction 
of  solution  starts  without  the  necessity  of  opening  or  closing 
valves. 

The  primary  principle  underlying  these  two  devices,  that  is, 
the  control  of  the  feed  as  a  function  of  the  water  flowing  to  the 
system  without  depending  upon  the  human  element  for  starting 
or  stopping,  is,  in  the  writer’s  opinion,  a  decided  advantage,  and 
one  that  is  extremely  desirable,  in  view  of  the  variations  that 
occur  in  the  flow  of  water  to  a  filter  system,  and  the  difficulty  in 
securing  first-class  supervision  of  the  operation  of  filtration  sys¬ 
tems,  to  compensate  for  variations  occurring  in  practice  in  the 
flow  of  water  or  periodic  pumping. 

Mr.  Arthur  W.  Carpenter  :*  The  writer  has  read  Mr. 
Fleming’s  paper  with  a  great  deal  of  interest.  Many  facts  are 
brought  out  which,  though  important  from  the  operator’s  stand¬ 
point,  are  often  underestimated. 


•Assistant  Superintendent,  Filtration  Plant,  Akron,  Ohio. 


DISCUSSION — IMPROVEMENTS  IN  MECHANICAL  FILTRATION  881 

The  gauges  are  of  great  importance  to  the  man  who  is  suc¬ 
cessfully  operating  a  rapid  sand  filtration  plant,  and  the  necessity 
of  having  reliable,  accurate  instruments  cannot  be  over-empha¬ 
sized.  The  manometer  type  gauges  used  at  Alliance  have  shown 
themselves,  after  more  than  a  year’s  operation,  to  be  far  superior 
to  the  older  types  of  gauges.  They  are  thoroughly  trustworthy 
and  require  very  little  attention.  Some  of  the  Alliance  gauges 
have  held  the  vacuum  for  several  months  at  a  time. 

The  false  bottom  used  in  the  Alliance  plant  has  been  very 
successful.  It  is  often  necessary  in  filtration  work  to  inspect  the 
condition  of  the  underdrains,  and  the  false  bottom  design  is  the 
only  one  in  use  where  this  is  made  possible,  easily  and  cheaply. 
It  is  the  opinion  of  the  writer  that  the  false  bottoms  in  use  at 
Alliance  also  gave  much  better  distribution  of  the  wash  water 
than  that  usually  realized.  No  difficulty  from  dead  spots  was  e\er 
experienced. 

Mechanical  filtration  is  certainly  giving  as  good  results  bac- 
terially  as  are  realized  by  the  slow  sand  process.  1  he  Alli¬ 
ance  plant  had  frequently  to  handle  a  water  which  contained  as 
high  as  50  000  bacteria  per  c.c.,  and  from  several  hundred  to  over 
a  thousand  parts  per  million  of  turbidity.  1  he  effluent  tiom  the 
plant  under  the  above  conditions  was  always  free  from  turbidity , 
contained  no  B.  Coli  in  1  c.c.,  or  in  10  c.c.,  and  showed  a  bacterial 
reduction  of  over  99  percent. 

ALLIANCE  FILTER  PLANT 
Cost  of  Operation. 

Based  on  figures  from  July  1,  1914,  to  Jan.  1,  1915. 

Sulphate  of  Alumina . $1.59  per  million  gallons 

Chloride  of  Lime . 20 

1  ^70  H  *4 

Salaries  — .  1-72 

$3.51 

Mechanical  filtration  is  far  superior  to  slow  sand  in  treating 
a  highly  colored  water  such  as  that  handled  by  the  Akron  plant, 
since  in  such  cases  the  use  of  alum  is  imperative.  1  he  Akron 
plant  has  just  been  put  into  operation,  and  data  from  it  is  not 
yet  available. 


882  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 

Mr.  J.  S.  Dunwoody  :*  The  paper  explains  at  length  the 
necessity  of  a  long  period  of  coagulation  before  filtration  for  the 
purpose  of  relieving  the  filter  beds.  To  this  I  would  like  to  fur¬ 
ther  show  its  advantage  in  properly  precipitating  the  coagulant. 
The  presence  of  lime  in  a  water,  whether  natural  or  artificially 
applied,  is  the  substance  that  reacts  with  the  aluminum  or  iron 
sulphate  to  form  the  coagulant.  When  nature  provides  this 
alkalinity  the  reaction  is  different  in  different  waters,  due  to  the 
presence  of  several  kinds  of  alkaline  compounds.  The  differences 
are  principally  the  quality  of  the  precipitate-  and  the  length  of 
time  it  takes  to  form. 

Another  factor  that  enters  in,  whether  natural  or  artificially 
applied  lime  is  relied  upon,  is  the  temperature.  The  colder  the 
water  the  slower  the  coagulant  is  in  forming.  If  sufficient  time  is 
not  allowed  in  cold  weather,  precipitation  is  apt  to  take  place  in 
the  filtered  water. 

As  the  efficiency  and  economy  of  mechanical  filtration  relies 
heavily  on  a  good  coagulant  which  has  had  plenty  of  time  to  act 
on  the  water,  the  above  can  well  be  added  to  what  the  writer  has 
already  said  in  favor  of  adequate  coagulation  and  settling. 

Last  spring,  after  a  six  months’  run,  during  which  time  we 
had  an  average  coagulating  period  of  four  hours,  we  removed 
three  feet  of  sludge  from  the  floors  of  our  basins  at  the  Erie 
plant.  These  floors  cover  an  area  of  about  15  800  sq.  ft.  This 
indicated  not  only  the  relief  given  the  filters,  but  was  one  of  the 
factors  that  allowed  us  to  get  a  high  degree  of  efficiency  on  an 
average  of  0.2  of  a  grain  of  aluminum  sulphate  to  the  gallon  of 
water. 

The  hard  wash  or  straight  water  wash,  as  has  been  described 
by  the  writer  in  connection  with  the  Erie  plant  has  been  cut  from 
15  to  12  gal.  per  sq.  ft.  per  min.  under  normal  conditions,  and 
fully  as  good  results  are  obtained.  The  amount  of  wash  water 
used  at  the  present  time  is  averaging  well  under  2  percent  of  the 
total  filtrate.  This  is  an  important  economy  in  operation,  which 
is  the  result  of  proper  coagulation  and  thorough  washing. 

At  the  end  of  each  week  an  average  is  computed  as  to  the 
grains  per  gallon  of  chemical  fed.  By  these  figures  an  average 
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regulation  to  within  0.01  of  a  grain  to  the  gallon  has  been  ob¬ 
tained  by  our  proportionate  feed  chemical  control  since  the  be¬ 
ginning  of  operation.  This  will  give  some  idea  of  the  accuracy 
of  the  variable  head  chemical  feed  controlled  by  a  Venturi  meter. 
The  above  regulation  is  obtained  on  pumpage  rates  varying  from 
12  to  30  million  per  day. 

In  conclusion  I  would  like  to  supplement  the  data  on  the  Erie 
plant  covering  the  first  six  months  of  operation,  with  those  cov¬ 
ering  the  first  year: 


Average  raw  water  count .  l^'* 

Average  filtered  water  count .  20 

Raw  water  samples  examined  for  B.  Coli .  486 

Raw  water  samples  showing  B.  Coli  positive,  166,  or  34  percent. 


Filtered  water  samples  examined  for  B.  Coli .  60- 

Not  a  single  filtered  water  sample  gave  positive  B.  Coli  results. 

One  hundred  percent  of  turbidity  and  undissolved  organic  matter 
removed. 

Cost  of  operation,  $1.67. 


UTILIZATION  OF  IRON  AND  STEEL 

WORKS’  SLAGS 

By  E.  C.  Brown* 

The  material  forming  the  subject  of  this  paper  is  com¬ 
monly  known  as  slag,  sometimes  cinder,  and  although  it  em¬ 
braces  a  number  of  substances  differing  more  or  less  in  form, 
color  and  composition,  several  of  which  will  be  touched  upon 
later,  the  principal  one  to  receive  consideration  tonight  is  the 
waste  residue  from  the  modern  blast  furnace  in  which  iron  is 
produced.  Our  definition,  therefore,  while  general,  will  apply 
particularly  to  the  slag  produced  in  the  modern  blast  furnace. 
This  slag  is  the  residue  from  the  ore,  the  fluxing  material, 
generally  limestone  in  one  or  more  of  its  forms,  and  the  ash 
of  the  fuel,  coke  being  the  form  most  commonly  used.  This 
substance  includes  substantially  all  the  non-volatile  constitu¬ 
ents  in  the  materials  mentioned,  remaining  after  the  metallic 
iron  has  been  separated  from  the  earthy  matter  in  which  it 
occurs  as  ore.  Briefly,  and  somewhat  more  scientifically,  it 
may  be  defined  as  the  molten  substance,  other  than  the  metal 
under  treatment:  (a)  in  smelting  operations,  of  the  gangue 
of  ore  combined  with  the  fluxing  material;  (b)  in  purifying 
processes,  of  substances  introduced  for  the  purpose  of  effect¬ 
ing  or  assisting  purification.  It  contains  all  the  non-volatile 
constituents  in  the  ore,  flux  and  fuel,  which  do  not  appear  in 
the  metal. 

Slags  of  the  iron  and  steel  industry  are  of  two  general 
classes:  that  resulting  from  the  production  of  iron;  and  that 
resulting  from  the  refinement  of  iron,  or  the  production  of 
steel.  The  former  may  be  further  divided  into  slag  from  the 
production  of  Bessemer  or  acid  iron  from  the  so-called  Besse¬ 
mer  ores,  that  from  the  so-called  Basic  or  non-Bessemer  ores, 
and  a  small  quantity  from  the  production  of  ierro  manganese 

•Chief  Civil  Engineer,  Carnegie  Steel  Company,  Carnegie  Building, 
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and  spiegeleisen.  These  blast  furnace  slags  are  all  much  alike 
in  appearance  and  general  character.  The  second,  or  slag  from 
the  steel  making  operations,  may  be  divided  into  converter 
or  cupola  slag  from  the  refinement  known  as  the  Bessemer 
process,  and  the  slag  from  the  open  hearth  furnace  in  which 
basic  iron  is  converted  into  the  commercial  open  hearth  steel. 

As  noted  above,  those  which  will  be  chiefly  considered  in 
this  paper  are  the  slags  from  the  blast  furnace  operations,  and 
between  the  two  processes,  the  Bessemer  and  Basic,  there  are 
Only  slight  differences  in  the  resulting  slag,  either  chemical  or 
physical;  and  this  slag,  for  we  will  generally  consider  them 
as  one  and  the  same  material,  is  that  for  which  practical  uses 
have  most  largely  been  found. 

DISPOSAL 

EARLY  METHODS 

Without  going  into  the  forms  and  methods  of  disposition 
of  slags  from  the  early  types  of  blast  furnace,  but  rather  be¬ 
ginning  with  the  modern  furnace,  substantially  as  it  is  know  n 
today,  we  find  that  the  earlier  forms  of  disposition  of  the  slags 
were  principally  as  waste  material,  valuable  only  as  filling  for 
low  lying  ground.  In  those  early  days  the  slag  which  issued 
in  molten  form  from  the  slag  notch  of  the  furnace  was  led 
through  and  into  trenches  or  runners  formed  in  the  sand  or 
loam  in  or  near  the  cast  house  and  alongside  the  furnace, 
where  it  was  allowed  to  cool.  I  he  addition  of  a  spray  of 
water  hastened  the  cooling  which,  however,  requires  only  a 
few  minutes.  When  sufficiently  cooled  the  long  strips,  so  to 
speak,  of  slag  were  broken  up  with  sledges  by  laborers,  then 
the  larger  pieces  w'ere  loaded  by  hand,  and  the  smaller  by 
forks,  into  cars  or  other  conveyances,  in  which  it  was  hauled 
away  and  deposited  on  the  dump,  or,  as  in  many  cases,  turned 
over  in  railroad  cars  to  the  railroad  companies  for  such  use 
and  disposition  as  they  had  for  it.  This  method  is  still  in  use 
at  some  furnaces. 
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LATER  METHODS 

Where  the  furnace  company  had  low  lying  ground  not 
too  far  distant  which  it  wanted  to  have  filled,  the  molten  slag, 
instead  of  being  run  into  the  runners  above  described,  was 
run  into  small  box-like  receptacles  on  trucks,  or  narrow  gauge 
cars,  to  which  the  common  name  of  “modock”  was  applied. 
These  modocks  were  generally  hauled  in  small  train  lots  to 
the  dumping  ground  where  disposition  was  first  made  by  re¬ 
moving  a  plug  and  allowing  the  molten  slag  to  discharge,  and 
later  by  tilting  devices  whereby  the  discharge  was  facilitated. 

Probably  the  earliest  employment  of  power,  other  than 
man  power,  in  the  preparation  of  slag  for  disposal,  was  by  the 
use  of  the  drop  for  breaking  larger  masses  of  cooled  slag 
which  had  been  formed  in  shallow  pits  or  depressions  under 
a  crane  or  derrick. 

As  the  value  of  broken  slag  in  its  denser  forms  was 
recognized  and  some  uses  made  thereof,  a  form  of  rendering 
it,  known  as  machine  or  pancake  slag,  was  devised.  The  ma¬ 
chine  which  followed  the  development  of  the  well  known  “pig 
casting  machine”  is  simply  an  endless  chain  conveyor  fitted 
with  shallow  pans  about  20  by  45  inches  by  two  inches  deep, 
the  lips  of  which  come  substantially  in  contact  as  they  travel. 
The  length  of  the  conveyor,  about  one  hundred  fifty  feet,  is 
sufficient  when  the  rate  of  travel  is  approximately  seventy 
feet  per  minute,  to  allow  the  slag  to  cool  and  set.  Water  is 
sprinkled  on  the  slag  just  before  reaching  the  dumping  point 
at  the  end  of  the  run,  for  further  cooling  and  cracking  the 
thin  sheets  of  slag,  and  the  drop  into  the  car  breaks  them  into 
small  pieces,  ranging  in  size  up  to  about  one  and  a  half  inches. 
If  the  machine  is  run  at  a  speed  much  greater  than  that  men¬ 
tioned  water  must  be  used  earlier  and  in  larger  amounts  in 
order  to  cool  the  slag  sufficiently  for  direct  loading  into  the 
car.  This  results  in  the  granulation  of  part  of  the  slag  and 
the  impairment  of  its  commercial  value.  When  properly  made 
this  form  of  slag  is  a  very  satisfactory  concrete  aggregate,  and 
large  quantities  have  been  used  in  fireproof  construction.  As 
a  practical  disposition  method  the  machine  is  not  economical. 
Both  installation  and  maintenance  costs  are  high,  and  the  ca- 
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pacity  is  limited.  A  machine,  adequate  to  the  demands  oi 
the  large  modern  furnace,  requires  rather  extensive  ground 
area,  especially  as  to  length,  if  a  good  quality  of  product  is  to 
be  maintained. 

MODERN  METHODS 

However,  with  the  changed  conditions  brought  about  by 
the  erection  of  the  large  modern  furnaces,  and  especially 
where  these  occurred  in  groups,  other  methods  of  disposition 
became  necessary. 

The  hot  slag  ladle,  a  development  of  the  earlier  modock, 
is  used  at  many  furnace  plants,  especially  the  larger  ones,  and 
is  essentially  a  big  cast  iron  pot,  at  first  carried  by  a  yoke 
supported  on  railroad  car  trucks,  but  now  a  more  stable  cast 
iron  or  steel  skeleton  car  body  is  employed  to  support  the 
ladle  and  its  accessories.  The  transportable  pot  or  ladle  thus 
formed  has  the  necessary  tilting  mechanism,  operated  bv 
hand,  steam  or  compressed  air,  and  the  modern  ladles  have  a 
capacity  of  about  200  to  260  cubic  feet.  The  cost  of  this  type 
of  equipment  is  heavy,  both  in  original  outlay  and  mainten¬ 
ance.  The  molten  slag  is  run  directly  from  the  furnace  by  the 
cinder  trough  into  these  ladles  and  hauled  to  a  conxenient 
dump,  sometimes  as  far  as  eight  or  ten  miles.  The  ladles  are 
placed  on  a  track  on  the  edge  of  the  dump  and  unloaded  by 
tilting.  With  the  modern  air  dumped  ladle  this  operation  is 
quite  expeditious.  It  requires  only  about  two  minuter  per 
ladle  or  from  fifteen  to  twenty  minutes  to  discharge  the  con¬ 
tents  of  a  train  of  seven  or  eight  cars.  L  sually  the  skull  or 
hardened  shell  of  slag  slips  from  the  ladle  with,  or  immediately 
following,  the  liquid  slag.  Occasionally  the  skull  tends  to  ad¬ 
here  to  the  iron  pot,  particularly  if  the  latter  has  been  cracked 
or  is  otherwise  defective.  It  is  usually  easily  forced  out,  how¬ 
ever,  by  a  few  dashes  of  water  thrown  from  a  bucket  and  aimed 
at  the  point  of  contact  between  skull  and  pot.  Manifestly, 
the  higher  the  dump  the  more  economical  is  this  manner  ot 
disposition.  From  slags  thus  or  similarly  deposited,  the 
greater  amounts  perhaps  of  the  principal  commercial  slags 
are  produced.  It  is  generally  left  to  cool  and  weather  for 
several  months  and  is  then  excavated  by  steam  shovel  and 
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crushed  and  screened  to  various  sizes  for  use  as  ballast,  con¬ 
crete  aggregate,  road  metal,  roofing  slag,  filter  material,  etc. 

The  granulation  of  slag  destroys  its  dense  condition  and 
produces  a  light  and  more  or  less  fine  granular  substance,  re¬ 
sembling  in  appearance  coarse  sand.  In  this  form  the  slag 
will  weigh,  perhaps,  from  one-fifth  to  one-third  only  as  much, 
volume  for  volume,  as  when  it  is  cooled  naturally  in  mass. 

There  are  two  methods,  essentially  alike,  however,  by 
which  this  granulation  is  accomplished;  the  second  method 
being  rather  an  improvement  of  the  first  or  simpler  one.  This 
simpler  method  is  that,  used  at  many  blast  furnaces,  where  the 
molten  slag  is  run  directly  into  a  tank,  or  brick  or  concrete 
pit,  partly  filled  with  water,  in  which  the  disintegration  of  the 
slag  is  accomplished  by  simple  contact  with  the  water.  This 
product  contains  many  light,  fluffy  particles  in  addition  to 
those  of  finer  and  denser  character,  and  much  of  it  is  as  coarse 
as  popped  corn,  which,  when  the  color  is  light  enough,  it 
rather  resembles.  Owing  to  its  great  porosity  much  of  it 
floats  until  it  becomes  cold  and  saturated  with  water,  and 
only  the  denser  particles  settle  at  once  to  the  bottom  of  the 
tank. 

The  second  method,  sometimes  called  “gun  granulation,” 
may  be  briefly  described  as  follows:  The  molten  slag  is  de¬ 
livered  from  the  furnace,  through  the  ordinary  trough  or 
runner,  to  a  concrete  pit,  at  the  edge  of  which  the  trough  takes 
the  form  of  a  large  nozzle,  fitted  with  an  annular  ring,  from 
which  issues  water  in  the  form  of  spray  delivered  through  a 
four  inch  pipe  under  pressure  of  from  thirty  to  forty  pounds 
per  square  inch.  This  causes  disintegration  and  partial  cool¬ 
ing  of  the  slag,  which  operations  are  further  accomplished  by 
the  water  which  partly  fills  the  pit,  and  by  the  force  of  the 
impact  with  which  the  slag  is  thus  driven  against  the  opposite 
wall  of  the  pit.  This  product  is  considerably  more  dense  and 
heavy  than  that  of  the  method  described  above,  and  has  been 
used  to  some  extent  as  a  substitute  for  sand  in  concrete  work. 
A  modification  of  this  method  is  the  introduction  of  a  jet  of 
air  or  steam  under  high  pressure  and  the  use  of  little  or  no 
water,  and  by  further  modifying  the  apparatus  a  substance, 
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very  much  like  commercial  mineral  wool,  has  also  been  pro¬ 
duced  experimentally. 

In  all  these  granulation  methods  the  slag  is  excavated 
from  the  receptacle,  generally  a  concrete  pit,  by  means  of 
grab  bucket  and  crane,  and  loaded  in  a  saturated  condition  into 
standard  railroad  cars,  in  which  it  is  transported  to  the  dumps 
or  other  places  for  final  disposition.  Much  of  the  water  rapidly 

drains  out  through  the  bottom  of  the  car. 

Because  of  such  uses  of  granulated  slag,  as  in  brick  mak¬ 
ing  and  in  the  manufacture  of  cement,  in  which  moisture  in 
the  slag  is  economically  objectionable,  there  has  been  per¬ 
fected  a  so-called  dry  granulation  process,  which  has  been 
used,  to  some  extent,  in  Germany  and,  I  think,  elsewhere  in 
Europe.  The  essential  feature  of  this  process  is  a  rotating 
cylinder  into  which  the  slag  stream  is  directed  with  a  blast 
of  air  and  a  small  amount  of  steam  under  high  pressure.  I  he>e, 
together  with  an  arrangement  of  baffles  in  the  c\  Under,  break 
up,  granulate  and  cool  the  slag,  making  a  dense  product  con¬ 
taining  a  very  low  percentage  of  moisture. 

A  method  recently  patented  employs  loose  chains  or  bars 
(held  in  place,  however,  at  one  end)  which  are  laid  across 
large  shallow  pits  into  which  the  molten  slag  flows,  surround- 
ing  and  covering  the  chains.  After  the  slag  has  cooled  and 
becomes  solid  the  loose  ends  of  the  chains  are  lilted  b\  crane 
and  pulled  through  the  mass  of  slag  breaking  it  up  into  such 
size  and  condition  as  to  enable  its  being  sent  at  once  to  a 
crusher  and  manufactured  into  commercial  form. 

CHEMICAL  COMPOSITION 

Notwithstanding  considerable  variation  in  both  the  chem¬ 
istry  and  the  physical  properties  of  blast  furnace  slag,  there 
is  a  fair  degree  of  uniformity  in  this  material.  1  he  differ¬ 
ences  which  exist  are  due  partly  to  variation  in  chemical 
composition,  but  probably  equally  to  physical  causes  or  meth¬ 
ods  of  operation  and  treatment.  Generally  speaking,  calcium 
and  magnesia  together  form  approximately  litty  percent  while 
silica  and  alumina  make  up  most  of  the  remainder  of  our  slag. 
Typical  analyses  of  blast  furnace  slags  for  lake  ores  under 
hot  blast  practice,  are  as  follows: 
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By  Campbell.  By  C.  S.  Co. 


Silica  .  35.55  35.00  35.22 

Alumina  .  12.05  15.00  13.68 

Calcium  .  40.52  44.60  43.00 

Magnesia  . ! .  8.86  2.60  5.74 

Iron  Oxide  .  0.68  0.50  .49 

Sulphur  .  1.66  1.60  1.61 


There  are,  of  course,  due  to  variations  of  the  flux  and  ores, 
rather  extreme  variations  in  analysis,  but  generally  we  are  not 
interested  in  them  in  considering  the  slag  problem  from  a 
utilization  point  of  view.  In  this  connection  it  may  be  wise 
to  refer  to  the  question  which  has  been  raised  by  some  engi¬ 
neers  and  others  as  to  the  effect  of  sulphur  or  other  elements, 
such  as  magnesia,  in  slag,  which  might  prove  injurious  to 
reinforcing  metals  placed  in  slag  concrete,  or  which  would 
produce  injury  through  chemical  action,  as  by  expansion.  We 
may  say  that  practically  all  of  our  blast  furnace  slags  are 
decidedly  basic  in  character,  there  being  almost  always  present 
some  excess  of  free  lime,  and  the  small  amounts  of  sulphur 
which  occur,  the  chemists  say,  are  present  as  sulphides  only, 
and  are,  therefore,  harmless  to  metal.  As  a  practical  matter, 
there  are  numerous  instances  on  record  where  anchor  bolts 
and  other  forms  of  iron  or  steel,  embedded,  for  reinforcing  or 
other  purposes,  in  slag  concrete,  have  been  removed  after 
several  years  and  found  to  be  in  perfect  condition,  no  corrod¬ 
ing  or  other  injurious  influences  having  affected  them. 

COMMERCIAL  OR  INDUSTRIAL  USES 

Blast  furnace  slag  has  already  found  its  way  into  quite 
an  extensive  field  of  industrial  usefulness,  principally,  of 
course,  as  construction  material.  A  complete  list  of  these 
uses  would  be  quite  extensive,  and  I  will  enumerate  a  number 
of  the  more  important  ones  only : 

For  Granulated  Slag 

As  a  material  in  cement  manufacture ; 

As  a  cushion  under  brick  and  block  pavements ; 

As  filter  material  in  certain  chemical  recovery  processes; 

As  fine  aggregate  in  concrete; 
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As  a  base  or  filler  for  commercial  fertilizer,  etc. 

For  Hard  Slag,  Crushed  ami  Screened  to  Size 

For  railroad  ballast; 

For  road  macadam  and  paving  foundations ; 

As  concrete  aggregate ; 

As  filter  material,  especially  in  sewage  disposal  works ; 

As  roofing  material ; 

In  fire  proof  construction,  etc. 

The  965  000  tons  of  slag  and  miscellaneous  material  sold 
last  year  was  distributed  as  to  use  about  as  follows: 

Cement  .  375  000  tons 

Railroad  Ballast  .  250  000 

Road  Work .  195  000  “ 

Concrete  .  85  000 

Other  uses  .  60  000 

Perhaps  the  most  extensive  use  of  commercial  hard  slag 
today  is  in  road  improvement  work,  in  which  it  has  given 
most  satisfactory  results.  This  is  so  whether  in  plain  water 
bound  macadam,  or  in  combination  with  tars,  asphalts  or  other 
special  binders.  The  best  concrete  road  I  saw,  on  a  recent 
extensive  trip  of  inspection  through  a  portion  of  a  neighboring 
state,  was  laid  with  slag  concrete.  Several  of  these  roads 
have  been  in  service  from  two  to  five  years  and  are  wearing 
well. 

As  an  aggregate  in  concrete  for  all  general  purposes  slag 
has  been  thoroughly  tested  and  is  far  beyond  the  experimental 
stages.  It  has  gone  into  all  kinds  of  buildings,  walls,  bridge 
work,  light  reinforced  structures  as  fence  posts  and  telegraph 
poles,  floors,  roof  slabs,  and  in  fact  into  practically  every 
thing  for  which  concrete  of  any  kind  is  suitable.  In  not  a 
few  classes  of  construction  it  is  especially  well  adapted  because 
of  its  relative  lightness,  good  bonding  qualities  and  perfect 
fire  resisting  nature. 

PHYSICAL  PROPERTIES 

Average  commercial  blast  furnace  slag  has  a  specific 
gravity  of  about  2  :62  ;  limestone  averages  2  :60  ;  granite,  2  :68  ; 
and  trap  rock,  2:96.  Slag  is  of  a  grayish  color,  breaks  with 
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decided  angularity,  is  somewhat  porous,  and  weighs  com¬ 
mercially  approximately  2000  lb.  per  cubic  yard.  Of  these 
qualities,  perhaps  the  most  important,  or  at  least  the  most  con¬ 
spicuous,  is  its  porosity,  which  may  be  more  properly  char¬ 
acterized  as  cellular  construction.  This  accounts  for  its  rela¬ 
tive  light  weight,  both  in  the  natural  fragment  and  in  combi¬ 
nation,  as,  for  instance,  in  concrete. 

At  this  point  perhaps  we  may  as  well  refer  to  the  weight 
of  some  of  the  forms  of  blast  furnace  slag  we  have  been  con¬ 
sidering  : 

Crushed  and  sized  bank  slag,  as  ordinarily  produced  and 
shipped,  weighs  1900  lb.  to  2100  lb.  per  cubic  yard,  probably 
2000  lb.  is  very  near  the  average. 

Granulated  slag  varies  greatly,  probably  as  low  as  800 
lb.  or  900  lb.  to  as  high  as  1500  lb.  to  1600  lb.  average,  say, 
1300  lb., — both  fineness  and  moisture  greatly  affecting  the 
weight. 

It  might  be  interesting  to  note  some  of  the  relations  by 
weight  between  the  slags  we  have  been  considering,  the  raw 
materials  and  the  metal  product.  Under  average  conditions, 
here  in  this  western  Pennsylvania  and  Ohio  district,  the  weight 
of  slag  from  the  blast  furnace  is  about  fifty  percent  of  that  of 
the  metal  produced.  This  is,  however,  subject  to  considerable 
variation.  It  may,  under  certain  furnace  burdens,  be  nearly 
as  low  as  forty  percent,  or  again,  as  high  as  sixty  percent, 
although  that  resulting  from  the  production  of  ferro  mangan¬ 
ese  may  even  considerably  exceed  one  hundred  percent.  There¬ 
fore,  given  the  tonnage  of  iron  produced  at  a  plant  or  in  a  dis¬ 
trict,  we  have  at  once  practically  learned  the  amount  (in  tons) 
of  blast  furnace  slag. 

The  amount  of  slag  to  the  ton  of  metal  in  the  steel  mak¬ 
ing  or  iron  refining  processes  is  much  less,  and  also  much  more 
variable  than  that  from  the  blast  furnace.  I  think  it  averages 
rather  less  than  ten  per  cent  by  weight.  To  roughly  complete 
our  quantitative  analysis,  we  might  add  that  all  the  other 
waste  and  refuse  material  would  perhaps  amount  to  about 
twenty  percent.  From  this  we  may  say  roughly,  that  from  a 
fairly  complete  modern  plant  in  this  district  producing,  say, 
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one  million  tons  of  iron,  which  it  converts  into  steel,  and  then 
rolls  into  finished  or  semi-finished  products,  there  is  turned 
out  about  800,000  tons  of  slag  and  refuse  waste  materia  . 
metal  and  this  waste  are  all  the  solid  or  non-volatile  matter 
left  of  the  three  and  a  half  million  tons  of  raw  materials,  ore, 
coke  and  limestone,  used  in  the  original  smelting  operation. 

Earlier  in  this  paper  it  was  remarked  we  would  consider 
chieflv  blast  furnace  slag,  but  our  title  includes  slags  trom  the 
steel  making  processes,  and  perhaps  we  would  devote  a  tew 

minutes  to  them  at  this  point. 

But  little  commercial  or  industrial  use  has  thus  tar  been 

made  of  either  the  open  hearth  or  converter  slags  as  compared 
with  the  better  known  and  more  abundant  blast  furnace  s  ag. 
But  something  along  conservation  lines  in  this  by-product  has 
also  been  accomplished.  As  stated  a  little  while  ago, ,  t  e 
amount  is  probably  not  more  than  one-fifth  as  great  as  of  blast 
furnace  slag,  and  not  infrequently  considerable  quantities  are 
again  used  by  being  returned  to  the  blast  furnace  either  as 
flux  when  high  in  lime,  or  because  of  other  chemical  elements 
which  they  contain  and  which  are  desired  in  adjusting  the 
chemistry  of  the  blast  furnace  charge.  Both  the  converter  and 
open  hearth  slags  are  handled  in  much  the  same  way  as  that 
from  the  blast  furnace,  by  runners,  pits  and  ladles,  while  at 
one  converter  plant,  of  which  I  know,  it  is  granulated  and  when 
passed  through  a  revolving  drum,  flushed  with  water  to  sepa¬ 
rate  it  from  the  metallic  iron  or  steel,  thence  passed  out  wit 
the  water  into  car  or  pile  for  removal  or  use.  This  slag  pro¬ 
duct  has  been  successfully  used  in  concrete  work.  It  is  well 
graded  from  fine  sand-like  material  up  to  particles  an  inch  or 
more  in  size,  and  requires  the  addition  of  only  a  small  amount 
to  make  an  exceedingly  good,  dense  concrete. 

Open  hearth  slag  has  been  ground  and  used  in  agriculture 
with  success  as  a  soil  corrective,  giving  higher  and  quicker 
results  than  lime  applied  in  other  and  more  usual  forms.  I 
understand  that  at  Birmingham,  Ala.,  the  slag  front  the  lug 
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phosphorous  local  ores  are  being  built  up  by  recharging  till 
they  contain  as  high  as  12  to  18  percent  phosphorus,  thereby 
being  put  into  the  same  class  of  fertilizers  as  the  imported 
“Thomas  meal”  or  phosphate  slag. 

SLAG  CONCRETE  TESTS  AND  PRACTICE 

Before  concluding  I  wish  to  refer  again  to  the  use  of  slag 
in  concrete.  Carnegie  Steel  Company  organized,  some  ten  or 
twelve  years  ago,  a  department,  or  bureau,  for  the  commer¬ 
cialization  of  blast  furnace  slag  and  other  refuse  materials 
from  its  operations,  including  ashes  and  the  slag  from  the  steel 
making  processes.  Considerable  progress  has  been  made  in 
the  years  since  that  time  and  we  have  disposed  commercially 
of  millions  of  tons  of  these  waste  or  by-products  for  various 
purposes. 

Prior  to  the  year  1908  occasional  uses  of  slag  had  been 
made  in  concrete  work,  notably  machine  slag  in  fireproofing, 
etc.,  but  during  that  year  we  began  a  series  of  somewhat 
elaborate  experiments,  which  involved  the  manufacture  of 
about  eight  hundred  concrete  specimens  in  the  form  of  12  in. 
by  16  in.  cylinders,  and  continued  them  over  a  period  of  two 
years.  These  experiments  were  made  for  comparative  pur¬ 
poses  and  included  specimens  of  stone  and  gravel,  as  well  as 
slag  concrete.  The  tests  indicated  generally  that  slag  con¬ 
crete  was  fully  equal  to  either  of  the  others,  and  in  many  in¬ 
stances  it  proved  superior  to  them. 

The  results  of  these  experiments  were  published  during 
the  year  1911  in  pamphlet  form  under  the  title  ‘Furnace  Slags 
in  Concrete.”  The  tests  had  been  undertaken  a t  their  inception 
to  determine  for  our  own  guidance  in  our  construction  work, 
the  desirability,  or  at  least  admissibility,  of  slag  for  concrete 
purposes.  The  results  seemed  sufficiently  conclusive  to  justify 
the  printing  of  the  booklet,  not  only  to  furnish  information  to 
our  own  engineers,  but  also  to  give  some  publicity  to  the  facts. 

At  the  present  time  there  is  to  be  undertaken  a  somewhat 
more  extensive  similar  series  of  experiments,  in  which  slags, 
stones  and  other  materials  from  rather  widely  separated 
sources,  are  to  be  tested  in  concrete. 
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For  several  years  now  at  most  of  our  plants  we  have  used 
slag  almost  exclusively  in  our  concrete  work,  and  have  also 
sold  large  quantities  for  such  use.  We  have  yet  to  learn  of 
the  first  case  where  unsatisfactory  results  followed,  or  any 

troubles  due  to  the  use  of  the  slag  developed. 

Of  all  the  uses  thus  far  found  for  blast  furnace  slag,  there 
is  none,  in  my  opinion,  to  which  it  is  so  well  adapted  as  its 
use  in  concrete.  In  its  texture  and  physical  properties,  even  in 
its  substance  itself,  it  is  so  similar  to  the  cement  which  binds 
the  thousands  of  particles  into  a  dense  and  homogenious  mass, 
that  it  is  almost,  if  not  quite,  the  ideal  material. 

A  number  of  things,  no  doubt,  have  combined  to  retard  this 
use  of  it  here  in  our  own  Pittsburgh  district,  where  more  slag 
is  made  than  in  any  other  region  of  similar  extern  in  the  world ; 
good  gravel  in  abundance,  fair  stone  not  too  far  distant,  con¬ 
servatism  of  engineers,  and  sometimes  even  prejudice  against 
a  so-called  waste  or  by  product.  In  many  smaller  iron  dis¬ 
tricts,  such  as  Chicago,  Cleveland,  l  oledo  and  Detroit,  i  da¬ 
tively  larger  uses  of  slag,  both  in  concrete  and  for  other  pur 
poses  have  developed,  and  slag  there  has  become  a  standard 
material.  But  my  hearers,  tonight,  are  the  Engineers  of  Pitts¬ 
burgh,  and  now  that  they  have  been  fully  informed,  1  confidently 
look  forward  to  the  time  when  the  demand  for  slag  will  outstrip 
all  our  capacity  for  its  manufacture  as  a  by-product,  and  we 
shall  be  forced  to  bring  down  our  low  grade  ores  to  swell  the 

output. 

[Discussion  follows] 


896  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 


No.  2  Slag  Sand 
No.  2  Limestone 

No  1  Slag  Sand 
No.  2  Limestone 

River  Sand 

No.  2  Limestone 

No  2  Slag  Sand 
No  2  Bank  Slag 

No  1  Slag  Sand 
No  2  Bank  Slag 

River  Sand 

No  2  Bank  Slag 

No  2  Slag  Sand 

No  2  Gravel 

No  1  Slag  Sand 

No.  2  Gravel 

River  Sand 

No.  2  Gravel 

No.  2  Slag  Sand 
No.  1  Limestone 

No  1  Slag  Sand 
No.  1  Limestone 

River  Sand 

No.  1  Limestone 

No.  2  Slag  Sand 

Machine  Slag 

No  1  Slag  Sand 

Machine  Slag 

River  Sand 

Machine  Slag 


No  2  Slag  Sand 
No  1  Bank  Slag 

No.  1  Slag  Sand 

No  1  Bank  Slag  ° 

River  Sand 

No  1  Bank  Slag 

o  2  Slag  Sand 

No.  1  Gravel 

No.  1  Slag  Sand 

No.  1  Gravel 

River  Sand 

No.  1  Gravel 


c 

CO 

cn 
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DISCUSSION 

Mr  J  A  Ferguson  :*  There  is  one  point  about  the  use  of 
blast  furnace  slag  which  Mr.  Brown  did  not  mention  which  might 
be  pertinent.  Some  years  ago  in  designing  the  Atherton  Avenue 
bridge  over  the  Pennsylvania  Railroad  we  had  to  cut  our  bridge 
according  to  our  cloth,  so  to  speak.  We  had  just  so  many  thou¬ 
sand  dollars  and  we  wanted  to  build  a  bridge  as  attractive  in  ap¬ 
pearance  as  possible.  We  conceived  the  idea  that  blast  furnace 
slag  could  be  used  as  filling  rather  economically.  A  thing  has 
occurred  as  the  result  of  this  which  is  of  decided  interest.  1  e 
approaches  in  the  retaining  walls  were  filled  with  ordinary  cart 
filling.  The  spandrels  of  the  bridge  were  filled  with  blast  furnace 
slag  wet  down  and  properly  tamped.  The  earth  filling  settled  an 
the  slag  filling  did  not ;  consequently,  at  the  break  from  slag  to 
earth  filling  there  is  a  big  bump  on  the  bridge.  I  wish  the  abut¬ 
ments  had  been  built  with  the  same  material,  because  then  there 
would  have  been  no  repaving  necessary,  but  we  did  save  the  city 
approximately  $25  000  by  filling  the  spandrels  of  this  bridge  with 

blast  furnace  slag.  ,  , 

Then  to  speak  of  the  interesting  situation  mentioned  > 

Brown  in  regard  to  tests  as  to  the  possible  uses  of  slag  as  coarse 

aggregates  in  concrete :  There  have  been  tests  conducted  by  the 

Duquesne  Slag  Products  Company,  who  came  to  us  and  asked 

what  would  be  necessary  to  get  the  support  first  ot  the  but  t  mg 

inspector’s  office,  with  which  I  was  then  connected,  and  later  on 

the  building  laws,  in  regard  to  the  use  of  blast  furnace  slag  m 

concrete.  They  have  conducted  their  7-day,  28-day,  3-month  an 

finally  C-month  tests,  which  have  shown  that  blast  furnace  s  ag 

crushed,  granulated,  has  a  strength  equal  to  limestone  concrete, 

ranging  not  far  from  25  percent  in  excess  of  gravel  concrete,  and 

while  gravel  concrete  as  they  make  it  today  in  Pittsburgh  does  not 

fulfill  the  requirements  of  the  building  code  of  Pittsburgh  as 

regards  strength,  the  blast  furnace  slag  concrete  will  do  so  with 

some  to  spare  at  28  days  old.  I  would  like  to  ask  Mr.  Broun  i 

he  will  not  please  hurry  up  on  that  test  to  show  the  strength  ot 

•Secretary-Engineer,  Building  Code  Commission.  City  of  Pittsburgh. 
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concrete  in  slag  aggregates  so  that  we  can  get  information  from 
all  sides  and  turn  it  over  to  the  Building  Code  Commission  and 
use  it.  I  would  suggest  to  Mr.  Brown  that  some  tests  be  made 
in  order  to  show  how  concrete  with  crushed  blast  furnace  slag 
aggregate  will  resist  the  ravages  of  fire. 

I  have  in  mind  the  kind  of  a  test  that  is  becoming  more 
standard  everywhere  for  determinations  as  to  the  fire  resistive 
ability  of  building  materials. 

This  fire  test  standard  was  presented  to  the  Society  in  my 
paper  on  “Theory  and  Practice  in  Writing  Building  Laws,” 
printed  in  the  March,  1914,  Proceedings  of  the  Society. 

Mr.  J.  A.  Shinn  :*  I  have  been  much  interested  for  many 
years  in  the  utilization  of  furnace  slag  and  am  one  of  the  early 
investigators  of  this  subject.  In  1877  or  1878,  when  managing 
the  first  Portland  cement  works  in  this  country  at  Wampum,  I 
made  the  experiment  of  using  furnace  slag  as  a  basis  for  Port¬ 
land  cement  and  found  that,  under  certain  circumstances,  it  was 
not  only  the  best  but  more  economical  than  the  use  of  raw  ma¬ 
terial.  In  the  following  year,  1879,  I  visited  England  to  investi¬ 
gate  that  subject,  and  at  one  of  the  furnaces  I  found  that  they 
were  making  brick  by  casting  the  slag  and  then  annealing  it,  but 
it  was  not  economical  or  commercially  possible  and,  I  think,  it  was 
entirely  abandoned. 

At  the  iron  works  at  Middleboro  they  were  running  one  fur¬ 
nace  on  granulated  slag  and  making  from  that  slag  a  ready-made 
mortar  which  had  a  sale  in  the  town.  They  were  making  what 
was  really  a  slag  cement.  I  saw  samples  of  it  that  had  been  in 
mill  machinery  foundations,  in  large  retaining  walls  and  in  a 
two-track  bridge,  of  several  spans  of  about  15  ft.  each,  that  had 
been  in  use  for  a  number  of  years.  At  the  other  furnace  they 
were  making  an  aggregate  by  a  very  cheap  method.  The  balance 
of  the  stuff  at  the  first  furnace  that  was  not  used  for  cement  or 
mortar  was  made  into  a  very  curious  light  brick,  and  they  had 
sale  for  all  thev  could  make. 

j 

Later  I  went  into  experiments  in  this  country  with  slag  in 
Portland  cement  in  its  early  stage,  and  later  still  I  made  a  granu- 

♦Inspector,  M.  of  E.  Dept.,  Bessemer  &  Lake  Erie  R.  R.,  Green¬ 
ville,  Pa. 
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late  which  was  suitable  for  many  purposes  for  sand,  fine  and 
dense.  In  the  latter  case  I  got  enough  of  it  used  to  demonstrate 
that  for  some  purposes  it  was  superior  to  river  sand  or  any  other 
sands,  and  this  was  particularly  the  case  with  brick  paving.  The 
brick  was  well  embedded  in  it  and  the  slag  took  a  slight  set  later, 
but  did  not  lose  its  elasticity.  I  found  it  impracticable  commer¬ 
cially  because  of  certain  vested  interests,  the  indifference  of  engi¬ 
neers,  and  other  political  reasons. 

I  made  some  experiments  also  in  concrete,  using  the  broken 
slag  as  an  aggregate,  and  have  seen  and  investigated  a  good  deal 
of  it  and  read  a  good  deal  regarding  the  results  obtained,  and  I 
am  satisfied  that  in  most  cases  where  it  is  used  as  an  aggregate 
it  is  superior  to  either  broken  limestone  or  gravel.  And  in  this 
immediate  vicinity  it  is  cheaper,  or  should  be  cheaper,  than  any 
of  them  generally.  I  conceive  it  to  be  the  duty,  as  well  as  the 
pleasure,  of  an  engineer  not  only  to  build  substantially  and  perma¬ 
nently,  but  economically  as  well,  and  with  all  the  evidence  that  is 
obtainable  of  its  various  uses  there  is  no  reason  why  any  engi¬ 
neer  who  investigates  it  should  not  be  convinced  of  both  its 
economy  and  its  utility. 


Mr.  Chas.  H.  Clark:*  Little  can  be  added  to  Mr.  Brown’s 
discussion  of  the  subject,  except  that  1  take  exception  to  the  date 
at  which  slag  in  concrete,  and  otherwise,  came  into  practical  use, 
as  I  used  it  exclusively  in  1904,  1905,  and  190G  for  building  pur¬ 
poses,  road  work  and  railroad  ballast  at  the  Tennessee  Coal,  iron 
&  Railroad  Company.  Most  of  the  purposes  for  which  slag  has 
since  been  used  were  tried  out  there  at  that  time,  and  I  believe  all 
of  the  installations  made  in  those  years  are  still  in  service.  A 
basin  100  ft.  in  diameter  and  20  ft.  deep  was  built  of  it,  which  I 
saw  when  four  or  five  years  old,  and  it  appeared  to  be  in  good 
condition.  The  cost  of  stone  would  have  made  considerable  dif¬ 
ference  in  the  cost  of  our  concrete,  and  investigations  of  slag  in 
concrete  at  that  time  warranted  its  use. 

Mr.  R.  A.  Cummings  :*  It  gives  me  great  pleasure  to  testify 
to  the  interest  Mr.  Shinn  has  had  in  the  subject  of  the  utilization 

•President,  Clark  Car  Company,  Pittsburgh. 

•Consulting  Engineer,  Benedum-Trees  Building,  Pittsburgh. 
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of  slag.  I  remember  about  fifteen  years  ago  he  gave  me  two 
mortar  blocks,  one  made  from  granulated  slag  and  Portland 
cement  and  the  other  from  river  sand  and  Portland  cement,  in  the 
proportion  of  1  :  3.  After  having  remained  in  my  office  for  some 
time,  I  took  them  down  to  the  boiler  room  of  the  building  in 
which  my  offices  were  located  at  that  time  and  put  them  in  the 
furnace  of  the  boiler.  After  about  half  an  hour  had  elapsed  I 
returned  to  the  furnace  and  took  out  the  slag  brick  and  placed  it 
in  a  bucket  of  water,  with  the  result  that  there  was  no  disin¬ 
tegration  of  the  brick  except  on  the  corners.  In  regard  to  the 
brick  made  of  river  sand,  it  had  disappeared  and  could  not  be 
found.  I  think  this  is  an  interesting  illustration  of  the  fire  resist¬ 
ance  of  granulated  slag  mortar. 

In  regard  to  the  use  of  slag  in  reinforced  concrete,  I  have 
not  heard  any  statements  here  that  would  justify  its  use.  Rein¬ 
forced  concrete  is  a  structural  material  and  no  element  should 
enter  into  its  composition  that  would  prejudice  its  permanence. 
On  the  other  hand,  mass  concrete  is  a  conglomeration  of  aggre¬ 
gates  held  together  by  cement  and  its  structural  utility  is  due  to 
its  weight.  There  is,  therefore,  quite  limited  comparison  be¬ 
tween  the  two  materials,  and  while  I  do  not  believe  in  the  use  of 
slag  for  reinforced  concrete,  I  can  say  with  equal  emphasis  that  I 
do  not  object  to  its  use  in  mass  concrete,  particularly  below  the 
ground  level.  So  far  as  the  strength  of  slag  concrete  is  con¬ 
cerned,  it  has  oftentimes  been  shown  that  it  is  stronger  than  the 
river  gravel  and  stone  of  the  Pittsburgh  district,  providing,  of 
course,  that  selected  materials  are  employed;  but  the  objections 
are  not  merely  a  question  of  strength,  it  is  a  question  of  per¬ 
manence  and  the  possibility  of  having  something  in  the  concrete 
that  is  not  desirable. 

Slag  is  a  waste  product  of  blast  furnaces  and,  as  has  been 
shown  this  evening,  unless  picked  and  selected  the  dump  run  will 
be  furnished,  and  in  liew  of  the  fact  that  blast  furnaces  are  run 
for  the  benefit  of  pig  iron  and  not  for  the  benefit  of  the  slag,  I 
don’t  see  how  it  is  possible  to  secure  a  product  that  is  free  from 
deleterious  material,  especially  when  such  material  is  taken  from 
slag  dumps  by  wholesale,  using  steam  shovels  or  similar  equip¬ 
ment.  I  think  it  is  this  deleterious  material  that  causes  engineers 
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to  hesitate  to  use  slag,  rather  than  their  ultra-conservatism,  as  the 
author  has  charged  against  his  colleagues.  Every  law  and  engi¬ 
neer’s  specification  explicitly  states  that  for  reinforced  concrete 
the  sand,  and  of  course  other  aggregates  also,  “shall  be  free  from 
deleterious  material.  I  do  not  understand  that  the  author  states 
unqualifiedly  that  blast  furnace  slag  is  free  from  deleterious  ma¬ 
terial.  How  then  can  its  general  use  be  justified  for  structural 
purposes  unless  the  objectionable  ingredients  are  removed?  The 
mere  fact,  as  stated  by  the  author,  that  3  <  5  000  tons,  or  practically 
the  equivalent  of  1  875  000  barrels  in  weight  were  used  and  pre¬ 
pared  for  the  manufacture  of  Universal  cement  in  1914  is  insuf¬ 
ficient  basis  for  its  use  as  an  aggregate  for  the  thin  sections  of 
reinforced  concrete.  Again,  is  it  not  equally  true  that  slag  ma¬ 
terial  has  a  variety  of  degrees  of  hardness  contrary  to  that  of 
sand  and  stone  aggregates,  that  is,  the  particles  may  vary  from 
glass-like  hardness  to  spongy  softness?  Hence  the  necessity  of 
careful  selection  and  preparation  wherever  it  is  used,  even  for 
mass  concrete  work. 

Mr.  Harry  J.  Lewis:*  I  think  the  most  interesting  part  of 
this  discussion  to  me  is  the  application  of  the  open  health  slag  to 
agricultural  uses.  If  we  can  increase  the  yield  of  wheat  and  of 
corn  and  get  the  price  of  living  down,  I  think  the  steel  woiks 
should  be  entirely  satisfied  in  making  that  5c  a  ton  pi  ice  if  the 
railroads  will  only  carry  it  to  the  farms  at  a  reasonable  rate. 

Mr.  K.  H.  Talbot  T  I  am  much  interested  in  the  use  of  air¬ 
cooled  blast  furnace  slag  in  road  and  had  the  pleasure  of  being  a 
guest  of  Mr.  Brown  on  the  trip  through  Ohio  about  which  he 
spoke.  On  this  trip  we  saw  15  or  20  concrete  roads,  as  well  as 
a  good  manv  water-bound  macadam  roads.  Crushed  slag  had 
been  used  with  marked  success  in  both  types  of  roads.  W  e  ha\e 
with  us  tonight  as  a  guest  Mr.  Donaldson,  who  is  in  charge  of  the 
slag  output  of  the  Ohio  works  of  the  Carnegie  Steel  Company , 
and  I  would  suggest  that  the  courtesies  of  the  Society  be  extended 
to  Mr.  Donaldson. 


•Consulting  Engineer,  336  Fourth  Ave.,  Pittsburgh 
t Division  Engineer,  Inspection  and  Information 
Portland  Cement  Company,  Pittsburgh. 
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Mr.  W.  E.  Donaldson  :*  When  speaking  of  slag  as  an  ag¬ 
gregate  in  concrete  or  road  building  many  engineers  are  likely  to 
think  of  it  as  a  conglomeration  of  cinder,  ashes  or  other  refuse, 
improperly  graded  in  regard  to  size  and  containing  material  of  a 
doubtful  nature.  The  slag,  as  produced  at  the  steel  works  with 
which  I  am  connected  is  an  air-cooled  and  well-seasoned  slag,  no 
slag  being  placed  on  the  market  that  is  less  than  one  year  old. 
This  slag  is  excavated  by  steam  shovel  and  transferred  to  the 
crushing  plant,  crushed,  and  then  elevated  by  a  belt  conveyor  to 
the  screens.  Adaptable  sizes  are  screened  for  all  phases  of  con¬ 
structive  work  in  which  competitive  materials  have  been  used  as 
aggregates  in  the  past.  Our  works  produce  the  following  grades 
for  their  respective  purposes : 

Slag  sand,  ranging  in  size  from  3/16  in.  to  dust,  is  used  very 
extensively  as  a  binder  for  macadam  roads  and,  to  some  extent,  as 
a  soil  corrective. 

The  next  grade,  3/16  in.  to  in.,  is  a  concrete  grade  for 
light  reinforcing  and  an  excellent  material  for  use  in  very  thin 
walls  and  used  to  some  extent  in  floors. 

The  next  sized  material,  3/16  in.  to  1  in.,  is  graded  very  care¬ 
fully,  contains  about  42  percent  of  voids,  and  is  the  size  best 
adapted  for  general  concrete  work.  It  is  used  very  extensively 
for  reinforced  floors  and  the  heavier  walls  and  for  mass  concrete. 

The  ^4  in.  to  1J4  in.  grade,  containing  45  to  50  percent  of 
voids,  is  used  very  largely  for  mass  concrete  work. 

The  1  in.  to  iy2  sized  material  is  specially  adapted  for  sewage 
treatment  beds  and  contains  about  50  percent  of  voids.  This 
grade  was  subjected  to  a  freezing  and  thawing  test  by  Professor 
Edward  Orton,  of  the  Ohio  State  University,  consisting  of  25 
alternate  freezings  and  thawings,  and  is  recommended  by  Pro¬ 
fessor  Orton,  and  approved  by  the  Ohio  State  Board  of  Health,  as 
an  excellent  material  for  sewage  treatment  beds. 

The  1  in.  to  2 1/2  in.  slag  ballast  is  now  being  used  by  the  Erie 
Railroad  Company  and  the  P.  &  L.  E.  Railroad  Company  instead 
of  limestone  for  ballast. 

♦Superintendent,  Slag  Dept.,  Ohio  Works,  Carnegie  Steel  Company, 
Youngstown,  Ohio. 
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The  1  y2  in.  to  3J/2  in.  is  onr  wearing  course  grade  tor  mac¬ 
adam  roads.  This  material  makes  a  much  cheaper  and  better  road 
than  limestone,  having  much  greater  bonding  properties. 

Slag  is  being  used  quite  extensively  in  (  diio  as  a  rolled  base 
under  brick,  replacing  concrete  entirely  in  many  places.  Material 
for  this  purpose  is  known  as  “run  of  crusher  and  is  crushed  trom 
3  in.  down  to  and  including  dust.  It  is  spread  on  the  sub-grade 
to  a  depth  of  about  six  inches  and  rolled.  Slag  sand  or  granu¬ 
lated  slag  is  then  spread  on  top  of  this  for  a  cushion.  All  the  city 
streets  of  Warren  and  Niles,  Ohio,  have  been  put  in  in  this  man¬ 
ner,  some  of  them  two  years  old  and  showing  no  signs  of  deteri¬ 
oration.  The  Ohio  State  Highway  Department  has  also  put  down 
several  miles  of  brick  road  in  Mahoning  county  in  this  manner. 


Slag  is  included  in  the  building  codes  of  Detroit,  Cleveland, 
Chicago,  Philadelphia  and  Youngstown,  being  used  very  exten¬ 
sively  in  reinforced  work  in  all  of  these  cities. 

We  have  over  500  000  cubic  yards  of  slag  concrete  placed  in 
the  Youngstown  district  which  has  shown  excellent  results,  and 
have  never  had  a  single  case  of  trouble  on  account  ot  sulphui 
deteriorating  the  steel,  a  question  that  is  frequently  raised  by  engi¬ 
neers.  We  have  foundations  in  our  steel  works  plant  of  slag 
concrete  put  in  on  quicksand  upon  which  gas  engines  and  steam¬ 
blowing  engines  were  erected,  and  which  have  been  in  service  tor 
eight  years.  During  this  time  we  have  never  had  a  bioken  inun¬ 
dation  bolt  or  broken  bedplate  due  to  failure  of  the  concrete. 

In  addition  to  slag  having  no  equal  as  a  concrete  aggregate, 
we  find  one  of  the  principal  uses  for  it  in  macadam  road  building. 
Every  new  or  extended  utilization  of  by-products  makes  tor  econ¬ 
omy  in  the  conservation  of  resources,  and  the  engineer  in  a  com¬ 
munity  is  looked  upon  as  a  man  of  ideas,  of  genius  and  as  an 
economist.  We,  therefore,  appeal  to  our  engineering  friends  to 
help  us  make  a  useful  use  of  something  that  has  heretotoie  been 
largely  useless. 


Mr.  Robert  A.  Cummings:  It  was  my  pleasure  to  visit 
Bellaire  last  summer,  when  I  saw  the  apparatus  shown  in  the  pho¬ 
tographs.  I  have  in  my  laboratory  some  of  this  converter  slag, 
but,  unfortunately,  have  not  yet  had  time  and  opportunity  to  test 
it.  I  am  very  much  interested  in  this  converter  slag  and  under- 
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stand  that  it  has  been  quite  successfully  used  in  the  vicinity  of 
Bellaire.  I  would  like  to  ask  Mr.  Brown  for  more  information 
than  he  has  given  us  in  regard  to  the  converter  slag  produced  at 
Bellaire  and  to  tell  us  what  is  the  difference  between  the  ordinary 
blast  furnace  slag  from  the  dump  and  the  converter  slag. 

The  Author:  I  cannot  explain  that.  Our  Bellaire  people 
think  that  converter  slag  is  the  best  thing  that  ever  came  out  of  a 
steel  works,  but  I  have  not  had  very  much  experience  with  it. 

But  aside  from  that,  will  Mr.  Cummings  please  answer  Mr. 
Donaldson’s  question  as  to  the  reason  why  he  says  blast  furnace 
slag  is  not  good  in  reinforced  work?  What  is  your  theory? 

Mr.  Robert  A.  Cummings:  It  is  simply  the  presence  of 
something  that  we  do  not  want  to  bother  with. 

The  Author:  Do  you  refer  to  the  presence  of  magnesia? 
I  am  not  competent  to  discuss  the  magnesia  question,  and  I  could 
only  say  in  a  general  way  what  I  said  before,  that  in  all  our  ex¬ 
perience  we  have  found  no  ill  effects  from  either  magnesia  or 
sulphur. 

Mr.  W.  A.  Weldin  :*  I  would  like  to  ask  a  question  in  re¬ 
gard  to  the  conveyor  type  of  machine.  Is  it  still  in  operation  and 
was  the  machine  shown  in  the  slides  built  for  the  purpose  of  slag 
disposal,  or  was  it  an  experiment  with  a  pig-casting  machine? 
The  speed  seems  to  be  a  great  deal  faster  than  we  use  on  a  pig¬ 
casting  machine.  Possibly  the  purpose  was  to  get  a  very  thin 
layer  of  slag.  I  would  like  a  little  more  information  relative  to 
the  machine. 

The  Author:  The  machine  was  built  before  my  day,  but 
I  understand  it  was  built  as  a  slag  machine  designed  on  the  prin¬ 
ciple  of  the  pig  machine.  It  is  a  Heyl  &  Patterson  machine.  You 
understand  that  with  this  large  rush  of  slag  coming  at  certain 
times  and  certain  limitations  in  the  size  of  the  pans,  the  machine 
must  go  fast  enough  to  take  care  of  the  slag.  If  it  is  the  only 
means  of  disposition  at  that  particular  furnace,  all  the  slag 

*Of  Blum,  Weldin  &  Co.,  Engineers  and  Surveyors,  St.  Nicholas  Build¬ 
ing,  Pittsburgh. 
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must  go  over  it  and  the  conveyor  must  be  speeded  up  to  take  care 
of  it.  Of  course,  if  we  operated  the  machine  solely  to  produce 
the  best  slag  product  it  should  be  run  from  1  in.  to  V/2  in.,  not  to 
exceed  2  in.  in  thickness,  in  order  that  it  should  cool  in  time  to  be 
dumped  in  the  car  safely.  I  was  very  much  interested  in  some 
of  the  earlier  uses  we  made  of  machine  slag  and  we  were  selling 
it  for  pretty  fair  prices.  But  our  furnace  management  said  it  did 
not  pay  to  keep  up  the  machine,  so  reluctantly  I  had  to  gne  it 
up.  Some  other  of  the  plants  where  it  happened  to  be  the  only 
method  of  disposition  for  a  particular  furnace,  in  order  to  take 
care  of  all  the  slag  it  had  to  run  entirely  too  fast,  and  the  result 
was  a  conglomerate  of  granulated  slag  and  pancake  slag,  and 
some  very  hot  masses  besides. 

Mr.  W.  A.  Weldin:  You  were  not  equipped  to  draw  it  off 
a  little  at  a  time  or  run  the  machine  slower.  My  idea  is  that  if 
this  machine  is  to  be  used  for  commercial  production  of  slag, 
rather  than  as  a  mere  means  of  disposal,  the  slag  could  be  run 
into  ladles  and  then  poured  very  slowly  into  the  machine. 

Mr.  L.  E.  Riddle:*  I  can  ansWer  Mr.  Wei  din’s  question,  as 
we  have  operated  two  slag  machines  at  the  Isabella  Furnaces  for 
fifteen  years.  We  cannot  run  slag  directly  from  the  cinder  trough 
to  the  machine,  because  the  shallow  pans  could  not  handle  it  at 
casting  time.  The  slag  is  first  run  into  a  reservoir,  and  in  that 
way  we  regulate  the  flow  to  the  machine.  When  we  can  control 
the  flow  of  slag  so  that  we  do  not  have  to  speed  the  machine  up, 
giving  the  slag  time  to  cool,  we  make  a  pretty  solid  slag,  but  it 
it  does  not  have  time  to  set  before  it  drops  into  the  car  at  the  end 
of  the  machine  there  is  a  certain  amount  of  granulation.  Slag 
from  flushes  run  through  the  reservoir  allows  us  to  run  the  ma¬ 
chine  at  about  35  to  40  ft.  per  min.,  and  with  the  water  cut  to  a 
minimum  the  slag  is  good ;  but  as  it  is  hard  to  control  the  flow  of 
slag  at  casting  time,  and  as  the  upkeep  is  less  on  the  machine 
when  an  abundance  of  water  is  used  with  thin  layers  of  slag  on 
the  pans,  we  speed  the  machine  up. 


♦General  Superintendent,  Isabella  Furnaces,  Etna.  1  a 
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Mr.  Emanuel  Kaufman  From  Mr.  Brown’s  explana¬ 
tion,  it  appears  that,  of  the  total  quantity  of  furnace  slag  pro¬ 
duced,  approximately  8  percent  is  utilized  for  the  manufacture  of 
cement,  construction  of  macadam  roads,  railroad  ballast,  etc. 
Reference  is  also  made  to  the  manufacture  of  brick  from  this 
material  and,  as  he  does  not  go  into  detail,  it  is  evident  that  this 
particular  industry  is  still  in  the  pioneer  stage.  In  a  general  way, 
it  can  be  expected  that  the  requirements  for  the  manufacture  of 
brick  from  slag  would  amount  to  less  than  that  needed  for  cement, 
so  that  the  total  consumption  of  slag  for  all  purposes  where  it  can 
be  utilized  as  a  basic  product  would  still  remain  a  small  percen¬ 
tage  of  the  total  quantity  produced  as  to  be  negligible.  It  would, 
therefore,  appear  that  engineers  and  chemists  have  before  them  a 
most  fertile  field  for  research  in  order  to  utilize  even  a  small  part 
of  the  vast  quantities  now  being  produced,  not  to  mention  the 
ever-increasing  amount  forthcoming  from  the  general  increase  of 
the  steel  business. 

What  I  had  especially  in  mind  was  the  problem  now  being 
discussed  by  the  steel  companies  and  the  railroads,  in  connection 
with  a  charge  by  the  railroads  for  the  removal  of  the  surplus 
quantity  of  furnace  slags,  which,  no  doubt,  has  come  under  the 
observation  of  the  Society.  One  of  our  members  has  suggested, — 
“if  the  furnaces  were  run  to  manufacture  slag  for  cement  pur¬ 
poses,  instead  of  making  iron,”  there  would  be  a  wider  market  for 
its  use.  While  he  intended  this  to  refer  to  quality,  nevertheless, 
in  view  of  foregoing  comments  as  to  the  utilization  of  furnace 
slag  for  various  types  of  by-products,  there  will  still  remain  fully 
90  percent  that  must  be  hauled  away  by  the  railroads  or  other¬ 
wise  disposed  of  by  the  steel  companies  themselves,  and  unless 
there  is  a  wider  field  of  usefulness  discovered  for  this  ever- 
increasing  production  of  slag  there  is  not  likely  to  be  any  relief 
for  the  steel  companies  in  connection  with  the  proposed  charge 
for  this  service  as  advanced  by  the  railroads. 

fGeneral  Manager,  Kro-Van  Steel  Company,  Park  Building,  Pitts¬ 
burgh. 
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CORRESPONDENCE 

Mr.  James  O.  Handy:*  I  have  read  with  interest  Mr. 
Brown’s  very  comprehensive  paper,  and  I  have  also  read  Mr. 
Cumming’s  discussion  in  which  he  expresses  doubt  as  to  the  per¬ 
manence  of  broken  or  granulated  slag  when  used  as  an  aggregate 
in  concrete. 

I  have  observed  the  permanence  of  cast  slag  blocks  exposed 
to  the  weather  and  have  noticed  no  evidence  of  disintegration.  I 
have  received  very  favorable  reports  from  engineers  who  have 
observed  these  blocks  in  service  for  many  years. 

Calcium  sulphide  in  iron  blast  furnace  slag  is  commonly 
thought  to  be  the  unstable  constituent  which,  by  its  oxidation, 
causes  the  slag  to  break  down.  As  a  matter  of  fact,  I  have  found 
samples  of  slag  known  to  have  been  exposed  to  the  weather  for 
eight  or  more  years  and  still  not  disintegrated,  and  still  contain¬ 
ing  calcium  monosulphide  as  it  did  originally. 

When  granulated  slag  is  used  in  concrete  the  air  is  almost 
completely  excluded,  and  if  slag  is  as  permanent  as  it  seems  to  be 
in  air  it  certainly  will  last  indefinitely  in  concrete. 

Dr.  J.  S.  Unger:*  Mr.  Brown’s  paper  presents  a  subject  of 
particular  interest  to  the  iron  manufacturer,  the  engineer  and 
those  engaged  in  producing  products  of  which  iron  slags  are  the 
base. 

Blast  furnace  slags  up  to  the  present  time  have  been  used  for 
a  number  of  purposes,  as  shown  by  Air.  Brown,  but  the  principal 
uses,  however,  are  in  the  cement  industry,  for  brick,  railioad 
ballast,  roadmaking  and  concrete  aggregates.  Its  use  for  filtering 
purposes,  fertilizer,  mineral  wool  and  other  products  has  not  been 
developed  far  enough  to  require  more  than  a  small  tonnage  to 
supply  these  demands. 

Iron  slags,  particularly  blast  furnace  slags,  have  always  been 
looked  upon  as  a  waste  product  of  no  value  whatever.  Such  an 
impression  is  hard  to  remove  from  the  public  s  mind,  except  hv 
a  process  of  education.  Even  among  engineers  there  is  a  ditter- 

•Research  Director,  Pittsburgh  Testing  Laboratory,  Pittsburgh. 

tManager,  Central  Research  Laboratory,  Carnegie  Steel  Company, 
Duquesne,  Pa. 
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ence  of  opinion  as  to  its  merits  for  certain  purposes.  I  notice  in 
the  discussion  of  the  paper  a  number  of  points  upon  which  those 
discussing  the  paper  fail  to  agree.  Such  a  condition  is  to  be  ex¬ 
pected  when  it  is  remembered  that  the  commercial  utilization  of 
blast  furnace  slag  is  hardly  more  than  ten  years  old,  and  through 
lack  of  data  or  lack  of  experience  opinions  may  exist  which  could 
be  changed  by  submitting  the  actual  evidence. 

All  blast  furnace  slag  dumps  are  not  necessarily  good  sources 
from  which  to  procure  good  material.  Some  are  simply  waste 
piles  in  which  slag  may  be  mixed  with  ashes,  broken  bricks,  wood, 
earth  and  other  refuse,  and  from  which  a  clean  slag  cannot  be 
obtained.  Good  slag,  to  be  used  for  the  purposes  stated  by  Mr. 
Brown,  is  prepared  from  molten  slag  thoroughly  seasoned  by  the 
weather  and  free  from  common  refuse.  Such  slag  is  crushed, 
then  sized,  and  carefully  freed  from  soft  material  or  from  dust, 
and  is  of  a  uniform  quality,  both  physically  and  chemically.  That 
the  physical  qualities  are  all  that  can  be  reasonably  desired  is 
easily  verified  by  examining  a  shipment  of  such  slag. 

Where  blast  furnace  slag  is  used  in  making  cement  it  must 
be  of  a  constant  composition.  Some  engineers  formerly  believed 
that  high  magnesia  in  cement  was  detrimental,  but  this  belief  has 
almost  disappeared,  as  several  investigators  have  shown  that  this 
is  not  true.  Particular  attention  at  this  time  is  called  to  the  inves¬ 
tigations  along  this  line  by  the  Bureau  of  Standards  in  Pittsburgh, 
which  have  examined  various  cements  containing  magnesia  up  to 
over  18  percent  without  finding  it  objectionable. 

As  to  the  sulphur  content  of  slag  for  cement  being  injurious, 
this  is  without  foundation,  as  the  sulphur  is  converted  during 
manufacture  into  calcium  sulphide,  a  compound  which  is  pur¬ 
posely  added  to  cement  to  improve  its  quality  when  there  is  an  in¬ 
sufficient  amount  in  the  product. 

Neither  the  magnesia  nor  sulphur  in  blast  furnace  slag  play 
any  part  in  making  brick  from  slag,  nor  need  they  be  considered 
when  slag  is  used  for  ballast  or  road-making  material.  Their 
presence  in  concrete  aggregate,  either  as  mass  or  reinforced  con¬ 
crete,  is  of  no  importance.  In  the  eastern  part  of  this  state  con¬ 
crete  has  been  in  service  in  which  the  aggregate  is  dolomite,  con¬ 
taining  over  18  percent  of  magnesia,  and  this  concrete  shows  no 
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difference  in  either  resisting  the  weather  or  sustaining  its  load 
when  compared  with  other  concrete  made  up  of  limestone  or 
country  rock  as  aggregate. 

Slag  has  been  calcined  in  the  making,  and  is  practically  tree 
from  gases  such  as  might  be  given  off  by  limestone  or  dolomite 
when  used  as  aggregate  and  exposed  to  a  tire.  In  this  respect  it  is 
superior  to  either.  It  does  contain  magnesia  as  a  silicate,  which 
is  a  more  permanent  form  than  when  combined  as  a  carbonate,  as 

in  dolomite. 

Many  examples  are  on  record  of  steel  reinforcement  being 
buried  in  hot  blast  furnace  slag  and  in  concrete  of  blast  furnace 
slag  aggregate,  which  have  been  examined  many  years  afterwards 
without  showing  that  any  injury  has  resulted  from  the  sulphur  in 

the  slag. 

Mr.  Henry  F.  Gilg:  The  subject  of  this  evening’s  paper 
brought  to  mind  some  work  in  which  1  assisted  several  year*  ago 
in  translating  German  letters  and  circulars,  describing  a  method 
for  making  bricks  from  blast  furnace  slag.  The  following  is  a 
description  of  the  process  taken  from  the  translations: 

The  blast  furnace  need  not  run  on  special  bui  den,  the  only 
requirement  being  that  the  percentage  of  calcium  oxide  shall  not 
go  below  45  percent,  which  is  about  the  average. 

The  slag  after  being  cooled  in  air  is  crushed  by  means  of  a 
stone  crusher;  these  pieces  are  passed  over  a  magnetic  separator 
to  extract  the  iron.  From  the  separator  the  material  tails  upon  a 
circular  sieve,  separating  all  the  material  over  0.->  in.,  which  is 
further  reduced  in  a  granulator.  This  material  is  then  ground  in 
a  mortar  mill  and  raised  by  means  of  an  elevator  to  a  bin.  From 
the  bin  the  pulverized  slag  is  conducted  to  a  mixing  apparatus, 
where  it  is  mixed  with  a  certain  quantity  of  granulated  slag 
(about  30  percent),  and  water  is  added.  The  water  makes  the 
mass  plastic,  and  in  this  condition  it  falls  to  the  press.  After 
being  pressed  to  form,  the  bricks  are  placed  upon  trucks  and  run 
into  hardening  chambers.  The  hardening  is  accomplished  by 
action  of  the  chimney  gases  from  the  hot  blast  stoves,  to  which 
the  bricks  are  exposed  from  40  to  GO  hours,  under  low  pressure, 
and  then  are  ready  for  use.  Besides  bricks,  slabs,  tile  and  various 
other  building  forms  may  be  produced. 
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Bricks  made  of  American  slag  dried  for  three  hours  at  about 
570  deg.  Fahr.,  cooled  slowly  to  ordinary  temperature  and  then 
soaked  in  water  for  three  hours  showed  an  absorption  of  14.5 
percent.  The  strength  of  bricks  under  compression  was  3500  to 
4400  lb. 

A  brick  which  was  exposed  to  a  temperature  of  1200  for 
one  hour  was  submerged  in  water  and  remained  entirely  intact. 
Another  was  exposed  to  1470  and  when  submerged  in  water 
showed  only  a  few  cracks.  Bricks  heated  to  1830  lost  their  car¬ 
bonic  acid  and  crumbled. 

The  color  of  the  bricks  is  similar  to  ordinary  cement  prod¬ 
ucts,  and  the  surface  is  such  that  they  can  be  used  only  where 
common  clay  bricks  are  used. 

There  were  five  plants  in  operation  in  Germany  and  France 
prior  to  the  present  war  in  which  this  process  was  used.  The 
cost  for  a  plant  with  a  capacity  of  36  000  bricks  in  twenty-four 
hours  is  from  $47  000  to  $50  000 ;  a  plant  having  a  capacity  of 
100  000  bricks  in  twenty-four  hours  costs  approximately  $100  000, 
and  the  space  required,  exclusive  of  stock  room,  would  be  about 
100  by  200  ft.  The  bricks  would  cost  about  $2.50  per  thousand 
in  the  United  States. 

Mr.  Charles  L.  McKenzie  :*  In  the  discussion  of  Mr. 
Brown’s  very  interesting  and  useful  paper,  I  will  quote  from  sev¬ 
eral  sources  of  information  as  to  the  use  and  results  from  the  use 
of  air-cooled,  blast  furnace  slag,  and  briefly  summarize  and  draw 
some  conclusions : 

use  in  concrete 

Mr.  A.  L.  Brodhead,  of  Emanuel  &  Co.,  furnishes  informa¬ 
tion  (by  letter  dated  December  29th,  1915,  and  a  handbook) 
showing  that  slag  has  been,  and  is  being,  used  as  an  aggregate  in 
concrete  in  the  Lehigh  Valley  district  of  Eastern  Pennsylvania 
in  considerable  quantities  and  for  structures  of  considerable  im¬ 
portance,  as  witnessed  by  letters  recommending  its  use  in  con¬ 
crete  from  fifteen  or  twenty  engineers,  contractors  and  firms; 
among  the  latter,  the  Atlas  Portland  Cement  Company,  White¬ 
hall  Portland  Cement  Company  and  Vulcanite  Portland  Cement 

♦Vice  President,  Duquesne  Slag  Products  Company,  Diamond  Bank 
Building,  Pittsburgh. 
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Company.  The  largest  single  user  was  the  Atlas  Portland  Ce¬ 
ment  Company.  Beginning  back  as  far  as  18'.b>,  this  company 
used  slag  in  the  concrete  construction  of  its  entire  plant  (includ¬ 
ing  foundations  for  large  engines,  grinding  machines,  etc.),  about 
125  000  cu.  vd.  being  required,  and  in  a  letter  to  Lmanuel  *S:  l  o., 
dated  April  11th,  1905,  reported  that  it  “has  been  most  satisfac¬ 
tory.”  In  a  letter  to  the  writer  dated  January  5th,  1916,  Mr. 
A.  G.  Croll,  General  Superintendent  of  the  Atlas  Portland  Cement 

Company,  writes: 

“\Ve  should  say  that  slag  concrete  was  used  by  our  company  in  its 
early  days  in  building  its  plants  at  Northampton,  Pa.,  about  1895.  We 
have  used  many  thousand  yards  of  slag  in  concrete  work  for  very  heavy 
foundations,  such  as  for  large  engines  and  heavy  grinding  machinery.  The 
slag  concrete  has  proved  entirely  satisfactory  and  there  has  been  no  disin¬ 
tegration  of  the  concrete.” 

Up  to  1913  (counting  only  large  users)  about  300  000  cu. 
yd.  of  slag  were  used  in  that  district  for  concrete  construction. 
For  example — the  large  blowing  engine  house  for  Thomas  Iron 
Company  at  Hokendauqua,  Pa.,  with  its  foundations  for  the  big 
engines  and  high  walls  (carrying  a  25-ton  crane  on  the  inside), 
was  all  built  of  slag  concrete ;  as  were  also  a  concrete  retaining 
wall  for  the  Lehigh  Coal  &  Navigation  Company  canal  near 
Mauch  Chunk,  Pa.,  and  the  concrete  piers  (built  about  1902)  for 
the  bridge  across  the  Lehigh  river  at  Catasauqua,  Pa.  Mr.  Brod- 
head  writes  concerning  these  three  structures : 


“To  the  best  of  my  recollection,  none  of  these  structures  is  less  than 
ten  years  old.  I  see  all  of  them  frequently  and  they  are  apparently  as 
good  as  when  first  built.  The  retaining  wall  along  the  canal  bank  is 
subject  to  particularly  severe  service,  being  exposed  to  the  ice  and  floods 
in  the  river  in  the  winter  time  and  extremely  low  water  and  consequent 
exposure  to  the  sun  in  the  summer  time.  1  have  never  known  of  a  case 
where  the  cause  of  disintegration  of  concrete  has  been  in  the  slag  itself. 

The  use  of  blast  furnace  slag  in  the  Schuylkill  \  alley,  Past¬ 
ern  Pennsylvania,  goes  back  to  the  year  1880,  when  William 
Little,  of  Conshohocken,  started  a  crusher  at  Spring  Mills,  Pa. 
The  slag  was  used  in  cement  work,  concrete  and  road  building. 

In  addition  to  this  information,  Mr.  J.  \  .  W.  R.  Hunter,  of 
Keystone  Slag  Company,  writes,  January  1st,  19H>: 
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“In  1890  and  1891  we  furnished  the  slag  for  the  foundations  for  the 
engines  and  electric  machinery  in  the  Reading  shops  of  the  Philadelphia 
&  Reading  Railway  Company.  These  foundations  are  in  first-class  condi¬ 
tion  and  have  given  entire  satisfaction.  In  1904,  1905  and  1906  we  fur¬ 
nished  the  slag  for  the  roll,  furnace  and  crane  foundations  for  the  Eastern 
Steel  Company  at  Pottsville,  Pa.  This  was  reinforced  with  iron  rods 
running  through  it,  and  most  of  the  concrete  under  the  rolls  has  water 
constantly  running  over  it.  It  is  still  in  very  good  condition  and  has  given 
good  results.  The  Eastern  Steel  Company  are  still  using  slag  in  all  their 
foundation  work. 

“The  Reading  Iron  Company  at  Reading  have  been  using  slag  in 
their  footings  and  foundations  for  years  and  have  had  very  good  results. 
The  tube  works  department  have  some  very  large  buildings  resting  on  slag 
concrete  that  have  been  in  use  for  a  number  of  years  and  are  as  good  as 
the  day  they  were  put  down.” 

During  the  last  year  or  two  about  a  dozen  sizable  reinforced 
concrete  buildings  have  been  put  up  in  Philadelphia  in  which  blast 
furnace  slag  was  used  as  the  coarse  aggregate  in  the  concrete. 
Within  the  same  period  the  specifications  of  the  Building  Depart¬ 
ment  of  the  City  of  Philadelphia  have  been  revised  to  permit  the 
use  of  blast  furnace  slag  in  reinforced  concrete  on  the  same  basis, 
that  is,  permitting  the  same  unit  stresses  in  designing,  as  concrete 
in  which  stone  is  used  as  the  coarse  aggregate.  Modern  crushing 
and  screening  plants  of  large  capacity  have  now  been  constructed 
in  that  vicinity.  It  is  important  to  note  that  before  revising  their 
specifications,  the  city  officials  and  engineers  of  Philadelphia,  indi¬ 
vidually  and  by  committees,  tested  and  investigated  slag  for  over 
two  years. 

Mr.  Solon  Jacobs,  President,  Birmingham  Slag  Company, 
Birmingham,  Ala.,  writes,  December  23rd,  1915: 

“I  am  pleased  to  advise  that  blast  furnace  slag  has  been  used  in  the 
Birmingham  District  for  a  little  more  than  25  years.  Mr.  F.  H.  Crockard, 
Vice  President  and  General  Manager  of  the  Tennessee  Coal,  Iron  &  Rail¬ 
road  Company,  stated  that  it  has  been  used  around  their  plants  in  this 
district  for  about  25  years,  and  further — that  wherever  slag  is  available  it 
is  used  altogether  for  concrete  work,  and  he  did  not  know  of  any  other 
character  of  concrete  construction  around  any  of  their  furnaces  or  steel 
plants. 

“He  also  stated  that  there  has  never  yet  been  any  kind  of  a  failure 
in  slag  concrete  as  far  as  they  were  concerned,  nor  has  any  disintegration 
ever  taken  place. 
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“The  American  Steel  &  Wire  Company,  as  you  know,  built  a  very 
large  plant  here,  using  slag  altogether  in  all  their  foundation  work  and 

everything  else,  so  far  as  we  know. 

“It  would  be  very  hard  to  approximate  the  quantity  of  slag  concrete, 

but  it  would  be  conservative  to  state  that  there  are  several  hundred  thou¬ 
sand  cubic  yards. 

“The  Tennessee  Coal,  Iron  &  Railroad  Company,  about  six  years  ago, 
built  an  immense  impounding  dam,  all  of  which  was  of  slag  concrete,  and 
it  is,  of  course,  needless  to  say  that  they  have  never  had  the  slightest 

trouble  with  it.  . 

“The  Frisco  Railway  use  slag  on  the  Memphis  to  Birmingham  divi¬ 
sion  for  all  kinds  and  character  of  bridge  and  culvert  work,  and  they  have 
not  only  used  many  thousand  yards,  but  are  daily  using  large  quantities. 
The  L.  &  N.  R.  R.  likewise  have  some  of  their  heaviest  bridges  and  all 

culverts  built  of  slag  concrete.” 

Mr.  Reynolds,  Secretary  of  Birmingham  Slag  Company,  also 
submits  copies  of  letters  (abstracts  from  which  are  quoted  in  the  , 
next  three  paragraphs)  and  says: 

“Your  question— ‘Has  any  of  even  the  oldest  of  the  concrete  shown 
any  indications  of  disintegration?’— was  submitted  by  me  to  all  our  promi¬ 
nent  architects  and  consulting  engineers,  and,  without  exception,  recei\ed  a 
most  emphatic  negative  for  reply,  most  of  them  adding— ‘Slag  concrete 
used  in  Birmingham  has  proved  stronger  and  more  enduring  than  concrete 
made  of  stone  or  gravel.’  ” 

Mr.  F.  Tschudy,  Coke  Oven  Engineer,  Tennessee  Coal,  Iron 
&  Railroad  Company,  writes,  December  2nd,  1914: 

“Why  there  should  be  a  special  exception  made  to  the  use  of  blast 
furnace  slag  in  the  construction  of  railroad  culverts  is  beyond  my  com¬ 
prehension.  A  railroad  culvert,  if  properly  built,  is  by  no  means  subject  to 
the  heavy  vibrations  as  are  foundations  of  heavy  rolling  mills.  I  make 
this  particular  reference  to  the  armor  plate  mill  built  at  the  branklin 
Works,  and  the  universal  mill  built  by  the  Franklin  Works  at  the  Cambria 
Steel  Company,  two  rolling  mills  which  are  about  as  large  as  any  built  in 

this  country. 

“The  foundations  of  the  48  in.  universal  mill  are  subject  to  a  con¬ 
stant  and  exceedingly  heavy  vibration,  which  includes  exceedingly  lua\\ 
shocks  regularly  applied  to  the  machinery  and  transferred  to  the  founda¬ 
tions.  Such  shocks  are  by  far  more  severe  on  the  foundation  work  than 

any  moving  load  that  can  be  applied  by  a  train. 

“Peculiarly,  all  these  foundations  have  been  built  by  the  writer  of 
blast  furnace  slag,  and  both  these  foundations  have  now  been  subject  to 
the  conditions  above  described  for  the  last  fourteen  years,  and  so  far  I 
have  not  heard  that  the  foundations  required  rebuilding.  But  I  would 
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like  to  state  that  six  years  ago  I  was  forced  to  rebuild,  on  the  original 
foundation,  the  entire  48  in.  universal  mill.” 

Mr.  J.  H.  MacVeigh,  Construction  Engineer,  Birmingham 
Railway,  Light  &  Power  Company,  writes,  August  12th,  1914: 

“During  the  last  five  years  I  have  put  in  over  a  hundred  thousand 
cubic  yards  of  slag  concrete  in  various  mass  foundations,  and  in  every 
case  it  has  proved  far  superior  to  anything  I  have  ever  used  as  a  coarse 
aggregate,  although  it  has  been  put  to  very  severe  tests.  In  addition  to 
foundations,  I  have  used  slag  for  railroad  ballast,  county  roads,  t,ar  and 
oil  sumps,  walls,  bridge  piers  and  reinforced  lintels  for  buildings,  and 
recommend  its  use  in  all  cases. 

“Although  none  of  the  reinforced  work  that  I  have  put  in  has  been 
torn  down,  I  had  an  opportunity  to  see  a  reinforced  slag  concrete  founda¬ 
tion  which  was  being  removed  to  make  way  for  new  machinery,  and  rein¬ 
forcing  steel  was  in  good  condition  and  showed  no  signs  of  corrosion 
after  a  number  of  years.” 

Mr.  J.  H.  Means,  General  Manager,  The  Northwestern  Iron 
Company,  Mayville,  Wis.,  transmits  copy  of  report  dated  Septem¬ 
ber  15th,  1914,  of  his  engineer,  as  follows: 

“Complying  with  your  request  for  a  statement  relative  to  our  experi¬ 
ence  with  blast  furnace  slag  as  the  aggregate  in  the  concrete  we  have  been 
using  for  construction  purposes,  would  say,  that  in  the  past  five  years  we 
have  placed  nearly  30  000  yards  of  slag  concrete  for  various  purposes  and 
subject  to  a  wide  range  of  conditions,  and  I  have  never  known  of  a  fail¬ 
ure  that  could,  in  any  way,  be  traced  to  the  slag. 

“In  places  where  the  concrete  has  been  subjected  to  a  considerable 
amount  of  heat  some  few  cracks  have  developed,  but  they  were  undoubt¬ 
edly  due  to  the  expansion. 

“The  greater  part  of  this  concrete  was  machine  mixed,  and  in  some 
cases  was  placed  during  freezing  weather,  which  necessitated  the  use  of 
salt. 

“The  slag  in  our  work  was  all  crushed  and  screened ;  the  sizes  run¬ 
ning  from  1  in.  to  2^4  in.  were  placed  in  large  massive  foundations  with  a 
1:3:6  mixture,  but  when  the  character  of  the  work  required  that  the 
concrete  be  of  small  cross  section,  usually  reinforced,  the  small  sizes  run¬ 
ning  from  %  in.  to  1G  in.  were  used,  and  if  greater  density  was  required 
the  mixture  was  strengthened  to  1  :  2  :  4. 

“Our  cooling  pit  at  the  pig  machine  probably  represents  the  most 
severe  conditions  imposed  upon  any  of  our  concrete.  The  pit,  which  is 
18  ft.  long,  8  ft.  high  above  the  ground,  12  ft.  wide,  and  having  walls  18  in. 
thick,  is  first  filled  with  cold  water,  into  which  the  pig  machine  discharges 
red-hot  pig  iron,  which  soon  heats  the  water  to  the  boiling  point ;  at  the 
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end  of  the  cast  the  hot  water  is  drawn  off  and  the  pit  is  refilled  with  cold 
water.  As  this  cycle  occurs  every  two  hours  the  concrete  is  in  a  con¬ 
tinual  state  of  expansion  and  contraction,  and  is  also  in  direct  contact 
with  the  boiling  water  and  steam. 

“Thus  far  there  have  been  no  signs  of  spawling  or  surface  cracks. 
The  surface  is  in  apparently  as  good  condition  as  it  was  when  the  forms 
were  first  removed. 

“The  coke  plant  and  briquetting  plant  also  present  some  striking 
examples  of  the  severe  conditions  our  concrete  has  had  to  stand.  The 
entire  weight  of  the  oven  battery  is  supported  by  three  walls,  averaging 
4  ft.  thick,  15  ft.  high  and  150  ft.  long,  which  rest  on  a  solid  mat  3  ft. 
thick,  4  ft.  wide  and  160  ft.  long,  reinforced  with  expanded  metal.  In 
places  these  walls  are  in  a  temporary  temperature  of  100  to  120  degrees, 
but  there  is  no  evidence  of  deterioration. 

“The  briquetting  kilns  are  supported  on  reinforced  concrete  arches 
and  are  in  a  temperature  of  130  degrees,  and  in  some  places  probably 
more.  These  arches  have  been  cooled  off  several  times,  but  they  show  no 
bad  effects  of  the  heat  aside  from  several  expansion  cracks.  It  has  been 
demonstrated  here  very  conclusively  that  concrete  made  with  blast  furnace 
slag  will  stand  as  much  heat  as  the  cement  itself.” 

In  passing,  it  may  be  of  interest  to  note  that  the  Northwest¬ 
ern  Iron  Company’s  slag  runs  from  12  to  18  percent  magnesia — 
very  high  compared  with  the  Carnegie  Steel  Company’s  slag  and 
most  of  the  slags  referred  to  in  the  other  reports  and  tests  quoted. 

The  most  notable  development  in  the  use  of  slag  for  rein¬ 
forced  concrete  structures  has  been  in  Cleveland,  Ohio,  where 
at  the  present  time  probably  nearly  90  percent  of  the  reinforced 
concrete  structures  are  being  built  of  slag  concrete,  including 
office  buildings,  warehouses  and  other  types  of  buildings.  1  he 
Bingham  Hardware  Company’s  new  warehouse,  said  to  be  the 
largest  reinforced  concrete  structure  in  Ohio,  is  built  of  slag  con¬ 
crete. 

Mr.  A.  D.  Bender,  of  Cleveland  Macadam  Company,  writes, 
December  22nd,  1915: 

“Slag  has  been  used  as  an  aggregate  in  Cleveland  since  1893,  during 
which  year  we  sold  10  000  cu.  yd.  Up  to  the  present  time  a  conservative 
estimate  of  the  amount  used  in  reinforced  concrete  would  be  1  250  000 
cu.  yd. 

“It  would  be  a  hard  matter  to  estimate  how  much  has  gone  into  foot¬ 
ings,  as  slag  has  been  used  in  heavy  footings  only  in  the  last  three  years.* 

♦Note:  This  refers  to  footings  for  city  buildings. — C.  L.  M. 
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“There  has  been  no  indication  of  disintegration,  or  detrimental  effect 
on  steel;  in  fact,  in  the  only  case  where  a  reinforced  slag  building  has  been 
torn  down  the  steel  was  in  perfect  state  of  preservation. 

“The  best  example  of  footing  work  we  have  is  at  the  different  blast 
furnace  plants,  where  all  the  heavy  machinery  is  mounted  upon  slag  con¬ 
crete  bases,  which  are  carrying  the  weight  and  vibration  more  successfully 
than  stone  has  done  in  the  past.” 

The  reinforced  concrete  building  referred  to  in  the  above 
letter  as  having  been  removed  was  the  Clark  Building,  built  in  the 
spring  of  1908  and  torn  down  in  the  fall  of  1911. 

In  the  same  connection,  with  reference  to  the  possibility  of 
corrosion  of  reinforcing  steel  used  in  reinforced  concrete,  Mr. 
John  M.  Goehring,  Eastern  Sales  Agent,  Duquesne  Slag  Products 
Company,  writes  as  follows,  after  having  received  information 
concerning  it  from  Mr.  Clarke,  to  whom  he  refers  in  the  letter: 

“The  Harrison  Estate  Building,  built  in  1897,  corner  of  Market  and 
Juniper  streets,  Philadelphia,  was  built  of  reinforced  concrete,  and  slag 
was  used  as  the  coarse  aggregate.  This  building  was  torn  down  the  latter 
part  of  1913,  to  make  room  for  the  present  Globe  Theater  Building. 

“At  the  time  this  building  was  being  torn  down,  Mr.  Edwin  Clark, 
Chief  Building  Inspector  of  the  City  of  Philadelphia,  inspected  the  con¬ 
crete  and  the  steel  very  closely  and  found  both  to  be  in  excellent  condition. 
The  steel  showed  no  signs  of  corrosion  whatsoever.” 

By  letter  of  January  14th,  1916,  Mr.  Max  M.  Suppes,  Man¬ 
ager  of  the  National  Tube  Company,  Lorain,  Ohio,  writes  as 
follows : 

“With  reference  to  the  use  of  blast  furnace  slag  for  our  own  use  in 
construction,  etc.,  wish  to  advise  as  follows : 

“We  have  used  approximately  110  000  net  tons  of  blast  furnace  slag 
in  our  own  construction  work,  etc.,  around  the  works,  between  January  1st, 
1907,  and  January  1st,  1916. 

“We  began  using  blast  furnace  slag  in  our  own  concrete  work,  etc., 
in  1903,  but  are  unable  to  give  you  any  figures  as  to  the  amount  used  prior 
to  January  1st,  1907. 

“There  are  no  indications  of  disintegration  in  any  of  our  concrete 
work  in  which  blast  furnace  slag  has  been  used.  It  is  all  in  first-class 
condition,  and  satisfactory  in  every  respect. 

“We  have  slag  concrete  in  engine  bed  foundations,  foundations  for 
heavy  rolling  mill  machinery,  piers  supporting  heavy  buildings,  piers  sup¬ 
porting  the  tracks  in  trestles,  large  switchboards  in  blast  furnace  power 
house,  subway  wrork,  and  for  complete  buildings;  as  well  as  for  various 
miscellaneous  purposes,  including  floors,  pavements,  retaining  wralls,  etc.” 
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From  other  sources  of  information  the  writer  understands 
that  in  concrete  construction  at  Lorain,  between  the  years  1903 
and  1907,  at  least  200  000  or  300  000  cu.  yd.  of  slag  concrete  was 
constructed. 

Mr.  W.  P.  Gleason,  General  Superintendent,  Indiana  Steel 
Company,  Gary,  Ind.,  writes  as  follows : 

“Replying  to  your  letter  requesting  information  on  the  use  of  blast 
furnace  slag  for  concrete  purposes ;  slag  has  been  used  in  varying  amounts 
since  construction  work  was  commenced  by  the  Indiana  Steel  Company  in 
1906.  There  is  no  indication  whatever  of  disintegration  in  the  slag  con¬ 
crete.  Concrete  at  other  places  put  in  more  than  fifteen  years  shows  no 
signs  of  disintegration.  We  do  not  discriminate  against  slag  in  ia\»>r 
of  crushed  stone  or  gravel.  The  best  slag  is  what  is  known  as  acid  or 
bessemer  slag.  Dolomite  used  as  flux  on  blast  furnaces  also  makes  a  very 
good  slag.”* 


Mr.  E.  C.  Banister,  now  Sales  Engineer  with  Duquesne  Slag 
Products  Company  in  Eastern  Pennsylvania,  but  up  until  a  short 
time  ago  Construction  Engineer  at  the  ( )hio  Works  of  the  kar- 
negie  Steel  Company  at  Youngstown,  Ohio,  states,  in  a  letter 
dated  January  13th,  1916: 

“In  the  original  construction  and  in  the  additions  to  the  Ohio  W'orks 
nearly  400  000  cu.  yd.  of  concrete  have  been  placed,  in  which  air-cooled, 
blast  furnace  slag  was  used  as  the  coarse  aggregate  in  the  concrete.  Out 
of  this  total  quantity  there  were  but  two  instances  in  which  the  concrete 
disintegrated.  The  total  amount  of  this  poor  concrete  was  not  more  than 
10  or  15  cu.  yd.,  and  could  be  accounted  for,  in  one  case,  from  the  effects 
of  frost,  and  in  the  other  case,  from  poor  workmanship,  the  concrete 
having  been  floated  a  considerable  distance  in  the  forms.  It  can  be  stated 
that  none  of  the  concrete,  even  the  old,  has  shown  any  weakness  or 
tendency  to  disintegrate  that  can  be  chargeable  to  the  use  of  slag  as  an 
aggregate.  A  very  large  percentage  of  this  concrete  was  put  in  in  1907 

and  1908,  and  is,  therefore,  7  to  9  years  old. 

“During  the  period  from  1901  to  1907  between  1000  and  2000  cubic 
yards  of  slag  were  used  in  concrete  work  at  this  works.  A  portion  of 
this  was  used  to  reinforce  the  foundations  of  Xo.  1  and  Xo.  2  blast  fur- 


*  As  to  the  comparative  excellence  of  Bessemer  slap,  while  Mr.  Glea- 
nn  and  some  others  have  expressed  preference  tor  the  Bessemer,  or  ac  i<l 
tee  write?  flSds  ?easo?  to  differ,  and  believes,  based  on  the  tests  and 
experience  from  the  various  sources,  that  there  is  no  i™Portant  ^i Terence 

Brown  and  his  remarks  in  connection  therewith. 


918  PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA. 

naces,  on  account  of  the  disintegration  of  the  limestone  concrete  foun¬ 
dations  due  to  heat.” 

The  Illinois  Steel  Company  writes,  in  a  letter  signed  by  Mr. 
B.  F.  Mohr,  Assistant  to  First  Vice  President,  as  follows: 

“At  our  works  we  have  used  blast  furnace  slag  for  all  kinds  of  con¬ 
crete  construction,  viz.,  docks,  floors  (plain  and  reinforced),  engine  and 
rolling  mill  foundations,  buildings,  retaining  walls,  etc.  The  first  blast 
furnace  slag  concrete  was  placed  something  over  twenty  years  ago,  and 
during  the  last  twenty  years  we  have  used  at  South  Works  over  150  000 
cu.  yd.  Including  our  other  works,  it  would  run  over  200  000  cu.  yd.  Most 
of  the  slag  used  on  heavy  concrete  work  was  used  as  it  came  from  the 
steam  shovel  at  the  back.  On  reinforced  work  it  was  crushed  and 
screened.  We  have  had  almost  uniformly  good  service  in  the  use  of 
blast  furnace  slag  as  an  aggregate.” 

Coming  back  to  Pittsburgh,  our  company,  during  the  past 
several  years,  has  furnished  slag  from  Duquesne  for  use  in  at 
least  200  000  cu.  yd.  of  concrete.  Slag  is  being  used  for  this  pur¬ 
pose  by  the  Carnegie  Steel  Company  at  its  various  works  in  and 
around  Pittsburgh,  and  is  also  being  used  by  American  Sheet  & 
Tin  Plate  Company  and  American  Steel  &  Wire  Company  at 
nearly  all  points  where  the  cost  of  delivery  is  not  so  excessive  as 
to  make  the  price  prohibitive  in  comparison  with  the  other  ma¬ 
terials  obtainable.  We  have  yet  to  hear  of  any  failure,  or  any 
disintegration  or  cracking  of  the  slag  concrete  built  in  this  section. 
The  Standard  Steel  Wheel  Company,  in  constructing  its  new  plant 
at  Butler,  has  used  slag  exclusively  in  the  concrete,  of  which,  up 
to  date,  there  has  been  placed  about  55  000  cu.  yd.,  and  they  are 
continuing  to  use  it. 

From  the  statements  that  we  have  herein  quoted,  and  from 
other  sources  of  information,  it  therefore  becomes  evident  that 
slag  has  been  used  in  concrete  in  the  United  States  to  the  extent 
of  at  least  4  000  000  cu.  yd.  and  possibly  5  000  000  cu.  yd.  The 
testimony  from  the  users  may  be  said  to  be  unanimous  that  the  re¬ 
sults  are  thoroughly  satisfactory,  that  slag  concrete  has  not  dis¬ 
integrated  or  cracked  even  after  a  service  reaching  as  great  a 
time  as  20  or  25  years,  as  cited,  where  subjected  to  most  severe 
conditions. 

In  view  of  this  great  body  of  favorable  experience,  it  would 
seem  fair  to  demand,  in  connection  with  any  charge  that  blast 
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furnace  slag  contains  deleterious  materials,  that  the  claim  he 
made  specific.  It  would  seem  unreasonable  for  anyone  to  con¬ 
demn  a  widely  available  and  economically  useful  material,  on  sus¬ 
picion,  without  positive  definite  facts  found  either  in  laboratory 
determinations  or  in  practical  experience  as  a  basis  for  the  un¬ 
favorable  opinion. 

As  a  matter  of  practical  fact,  the  slag  banks  from  which  the 
commercial  slag  is  now  being  produced  contain  slag  only,  and  the 
crushed  and  screened  slag  put  on  the  market  is  far  less  likely  to 
contain  foreign  matter  than  crushed  stone  or  gravel.  If  it  is  rea¬ 
sonable  to  cast  doubts  on  slag  by  reason  of  any  fine  material 
occurring  because  of  the  adherence  of  fine  material  to  the  larger 
pieces,  or  lack  of  thorough  screening,  it  is  fair  to  raise  a  similar 
question  about  the  crushed  stone  and  gravel.  1  he  tine  material 
in  the  case  of  slag  will  be  slag,  while  the  fine  materials  in  the  case 
of  stone  or  bank  gravel  may  be  in  the  form  of  clay,  loam  or  other 


foreign  substances.  In  the  case  of  river  gravel,  the  impurities 
found  will  depend  on  the  source  of  supply  and  on  the  amount  of 
acid  or  alkali,  grease  and  oil,  coal  and  slate,  or  sewage  found  by 
reason  of  the  mines  or  factories  and  towns  discharging  their 
wastes  into  the  stream.  If  by  deleterious  materials  reference  is 
made  to  the  constituent  elements,  it  is  as  fair  to  raise  the  question 


about  the  sulphur  found  in  some  stones  in  the  form  of  iron 
pyrites  (which  could  result  in  corrosion  of  the  iron  or  steel  rein¬ 
forcing  in  reinforced  concrete)  as  to  cast  doubts  on  slag  by  re¬ 
ferring  to  the  sulphur  in  it,  which  occurs  in  the  form  of  calcium 
sulphide  or,  more  rarely,  as  calcium  sulphate;  both  of  which  are 
neutral  substances  and  cannot  corrode  iron  or  steel.  As  to  mag¬ 
nesia,  some  of  the  best  results  quoted  herein  have  been  obtained 
with  slag  that  is  very  high  in  magnesia.  1  here  is  no  reported 
experience  indicating  that  it  is  detrimental  in  any  way. 

It  will  be  noted  that  the  testimony  quoted  hereinbefore  and 
the  comparative  tests  given  hereinafter  refer  to  slag  coming  trom 
widely  separated  sources,  i.  e.,  from  two  districts  in  Eastern 
Pennsylvania,  from  the  Birmingham  district  in  Alabama,  from 
Mayville,  Wis.,  from  Chicago,  111.,  from  Lorain,  Cleveland  and 
Youngstown,  Ohio,  and  from  Pittsburgh,  Pa.  I  here  fore,  while 
the  slags  used  and  tested  have  included  those  varying  considerably 
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in  chemical  constitution,  yet  the  results  reported  are  all  satisfac¬ 
tory  and  compare  to  advantage  with  results  obtained  from  other 
competing  materials  used  in  concrete.  While,  as  Mr.  Brown 
pointed  out,  it  is  a  fact  that  the  chemical  constitution  of  the  slag 
varies  somewhat,  the  same  elements  are  always  present,  no  matter 
\vhat  blast  furnace  produces  the  slag — the  variation  being  merely 
in  the  percentages  of  these  different  elements. 

Quite  a  large  number  of  comparative  tests  have  been  run  to 
show  the  relation  as  to  compressive  strength  of  concrete  in  which 
blast  furnace  slag,  different  stones  and  gravel  have  been  used  as 
the  coarse  aggregate  in  the  concrete.  Following  are  condensed 
statements  of  the  results  of  some  of  these  tests: 

Comparative  compression  tests  on  concrete  made  with 
crushed  slag  and  limestone ;  the  concrete  proportions  being 
1  :  2 y2  :  5 ;  test  pieces,  6-inch  cubes ;  reported  by  Robert  W. 
Hunt  Company,  of  Chicago,  September,  1908 : 

Slag  Concrete 
Limestone  “ 

Slag 

Limestone  “ 

Comparative  compression  tests  on  concrete  made  with  slag, 
traprock  and  limestone  ;  the  concrete  proportions  being  1  :  2  :  4 ; 
test  pieces,  6-inch  cubes ;  reported  by  the  municipal  laboratory  of 
the  City  of  Philadelphia,  June  20th,  1913: 

Slag  Concrete . 28  days,  2443  lb.  per  sq.  in.  average. 

Trap-rock  “  28  “  2152  “  “  “  “ 

Limestone  “  28  “  2400  “  “  “  “ 

Abstract  of  compression  tests  on  concrete  mixed  in  propor¬ 
tion  1  :  2  :  4 ;  test  pieces,  6-inch  cubes ;  reported  by  Henry  S. 
Spackman  Engineering  Company,  of  Philadelphia,  January  17th, 
1913: 


.4  cubes,  14  days,  1981  lb.  per  sq.  in.  average. 

3  “  14  “  1853.5  “  “  “  “  “ 

4  «  30  «  2603.5  “  “  “  “ 

.4  “  30  “  2304  “  “  “  “  “ 


Slag  Concrete . 3  cubes 

Trap-rock  “  3  “ 

Slag  “  3  “ 

Trap-rock  “  3  “ 


7  days,  1881  lb.  per  sq.  in.  average. 


7 

a 

1174 

a 

u 

a 

a 

u 

28 

u 

2537 

u 

u 

a 

u 

a 

98 

u 

1  8SA 

u 

u 

a 

u 

u 

Comparative  compression  tests  on  concrete  made  with  slag 
and  Holran  limestone,  slag  concrete  mixed  in  proportion 
1:2:  3J4,  the  stone  concrete  1  :  2  :  4;  the  tests  being  made 
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during  the  course  of  construction  of  the  Bingham  Hardware 
Company’s  building,  Cleveland,  Ohio.  Test  pieces  were  broken  at 
Case  School  of  Applied  Science,  December  2nd,  1914: 


Slag  Concrete . 28  days, 

Limestone  “  2S 

Limestone  and  gravel  Concrete . 28 


2905  tb.  per  sq.  in.  average. 

1609  “  “  “  “  “ 


Compression  tests  on  concrete  made  with  slag  mixed  in  pro¬ 
portion  1:2:3;  test  pieces,  6-inch  cubes;  reported  by  Henry 
S.  Spackman  Engineering  Company,  of  Philadelphia,  l’a.,  March 

31st,  1915: 


30  days 

average 

1561 

lb. 

per  sq.in. 

3  months 
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1952 

U 

ii  ii  ii 
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ii  U  ii 
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ii  ii  u 
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2509 
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ii  ii  ii 

24  “ 

a 

2584.9 

ii 

U  ii  ii 

Comparative  compression  tests  on  concrete  using  slag  and 
traprock;  test  pieces,  8-inch  cylinders  mixed  in  proportion 
1  :  2  :  4;  tests  made  at  Columbia  University;  reported  April 
14th,  1915: 


Slag  Concrete 
Trap-rock  “ 


3  months  average  3496  tb.  persq.  in. 
3  “  2967  “  “  “ 


Comparative  compression  tests  on  concrete  made  with  slag 
and  traprock,  using  proportions  1  :  2  :  4 ;  test  pieces,  8-inch  cyl¬ 
inders;  at  Columbia  University,  January  21st,  1915: 


Slag  Concrete . 28  days. 

Trap-rock  “  . 28 


average 

ii 


2465 . 5 

1975.5 


lb.  per  sq.  in. 


Comparative  compression  tests  on  concrete  made  with  slag, 
gravel  and  limestone;  test  pieces,  8-inch  diameter,  16  in.  high, 
proportions  1  :  2  :  4;  reported  by  Pittsburgh  resting  Laboratory, 
Pittsburgh,  Pa. : 
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Slag  Concrete . 
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per  sq.  in.  average. 

Gravel  “  . 

.  .  .4 

“  7 

Cl 

468 

Cl 

Cl  Cl  Cl  Cl 

Limestone  “  . 

.  .  .  .4 

“  7 

cc 

792 

Cl 

Cl  Cl  Cl  Cl 

Slag  “  . 

...A 

“  28 

cc 

1457 

Cl 

Cl  Cl  Cl  Cl 

Gravel  “ . 

.  .  .  .4 

“  28 

cc 

1001 

Cl 

Cl  Cl  Cl  Cl 

Limestone  “  . 

.  .  .  .4 

“  28 

cc 

1476 

Cl 

Cl  Cl  Cl  Cl 

Slag  “  . 

.  .  .  .4 

“  90 

CC 

2293 

Cl 

Cl  Cl  Cl  Cl 

Gravel  “  . 

.  .  .  .4 

“  90 

cc 

1496 

Cl 

Cl  Cl  Cl  Cl 

Limestone  “  . 

.  .  .  .4 

“  90 

(C 

2200 

Cl 

Cl  Cl  Cl  Cl 

Slag  “  . 

.  .  .  .4 

“  180 

Cl 

2288 

Cl 

Cl  Cl  Cl  Cl 

Gravel  “  . 

.  .  .  .4 

“  180 

Cl 

1430 

Cl  Cl  Cl 

Limestone  “  . 

.  .  .  .4 

“  180 

cc 

1904 

Cl 

Cl  Cl  Cl  Cl 

Fbe  following  is 

a  brief  abstract  of 

part 

of 

the  comparative 

tests  (referred  to  by 

Mr. 

Brown  in 

the 

paper  under  discussion) 

made  by  Carnegie  Steel  Company  at  Pittsburgh,  1908-1909.  All 
materials  were  commercial  products  in  Pittsburgh  district.  Mix¬ 
ture,  1  :  3  :  6 : 


Average  crushing  strength  per  square  inch 

28  days  90  days 


Slag  Concrete  OC'tol") .  1033  1377 

Limestone  “  (JT'tol") .  904  1190 

Gravel  “  (1"  down) .  720  1055 


(pounds). 

1  year 
1722 
1220 
1054 


2  years 
1778 
1216 
841 


A  result  of  one  of  the  recent  tests  is  given  in  the  following 
abstract  from  paper  on  “Reinforced  Concrete  Sewer  Pipe,”  pre¬ 
sented  before  the  American  Concrete  Institute  by  A.  T.  Goldbeck, 
at  that  time  of  the  Testing  Laboratory  of  the  Bureau  of  Surveys, 
Philadelphia,  Pa. : 


“In  the  tests  of  circular  and  egg-shaped  reinforced  concrete  sewer 
pipe,  the  few  tests  of  slag  concrete  pipe  indicated  that  concrete  containing 
broken  slag  aggregate  is  more  impermeable  than  that  made  with  broken 
stone,  and  also  slightly  exceeds  the  latter  in  strength  and  stiffness. 

“The  materials  used  were  Portland  cement,  which  satisfactorily 
passed  the  standard  tests,  New  Jersey  bank  sand,  and  well-graded  Z/^  in. 
crushed  traprock.  Four  experimental  sections  were  also  made  of  concrete 
containing  Z/^  in.  graded  air-cooled  blast  furnace  slag  having  a  weight  of 
74.7  lb.  per  cu.  ft.  measure.  The  concrete  was  machine  mixed  in  the  ap¬ 
proximate  proportions  of  1  :  2  :  3p2.  The  behavior  of  the  experimental 
pipe  made  with  coarse  aggregate  of  blast  furnace  slag  is  interesting  in 
indicating  that  the  strength  and  stiffness  of  the  pipe  of  this  material 
equaled  or  even  slightly  exceeded  those  of  pipe  made  with  crushed  trap 
aggregate.” 
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In  connection  with  all  the  foregoing  tests,  it  is  to  he  noted 
that  the  slag  concrete  in  each  case  was  mixed  to  the  same  propor¬ 
tions  (used  with  the  same  amount  of  sand  and  cement)  as  the 
stone  or  gravel  concrete  with  which  it  was  compared,  and  tested 
throughout  under  identical  conditions. 

USE  IN  ROAD  BUILDING 

The  use  of  air-cooled,  blast  furnace  slag  for  road  building 
has  been  very  extensive  in  Ohio,  where  it  is  recognized  in  the 
specifications  of  the  State  Highway  Department  for  all  forms  of 
road  construction.  It  has  been,  and  is  being,  used  less  extensively 
for  roads  in  West  Virginia,  Illinois,  Michigan,  New  ^  ork,  New 
Jersey,  Delaware,  Maryland,  Alabama,  Pennsylvania,  and  other 
states,  wherever  slag  is  produced.  At  points  near  the  numerous 
sources  of  supply  it  affords  a  very  available  material  from  which 
excellent  results  are  being  obtained.  It  is  suitable  for  water- 
bound  macadam  because  of  its  cementing  or  “setting”  qualities, 
and  because  it  wears  uniformly,  as  well  as  because  of  the  facility 
with  which  it  bonds  together  mechanically,  due  to  its  rough  frac¬ 
ture. 

While  its  use  in  this  form  of  construction  affords  as  yet  less 
basis  of  experience  on  which  to  found  conclusions,  it  appears  to 
give  exceptionally  good  results  in  bituminous  construction  (either 
penetration  method,  or  mechanical  mix)  probably  due  to  the 
strong  mechanical  bonding  and  to  the  partly  cellular  construction 
of  the  slag.  It  is  reported  that  bituminous  slag  roads  afford  a 
better  surface  traction  and  are  less  slippery  in  wet  and  snowy 
weather  than  many  bituminous  stone  roads,  and  there  are  indica¬ 
tions  that  the  slag  in  some  way  helps  to  extend  the  “life”  of  the 
bitumen  used  in  binding  it. 

Perhaps  it  may  be  claimed  that  slag  has  not  been  used  long 
enough,  or  extensively  enough,  in  concrete  roads  to  show  defi¬ 
nitely  what  the  results  will  be,  but  attention  is  called  to  Mr. 
Brown’s  statement  concerning  the  concrete  roads  which  he  in¬ 
spected  in  Northern  Ohio,  and  to  Mr.  Beeghly’s  letter  quoted 
below.  There  is  a  test  section  (six  months)  old  now  being  tried 
out  in  Washington  County,  Pennsylvania,  which,  to  this  writing, 
indicates  satisfactory  results. 
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Slag  is  used  for  foundations  under  brick  paving  and  as  foun¬ 
dation  for  other  road  surfaces  and  paving.  In  sections  where  it  is 
available  and  known,  there  is  never  a  question  raised  as  to  its  de¬ 
sirability  in  foundations,  even  though  (through  lack  of  experi¬ 
ence  and  actual  knowledge  of  its  wearing  qualities,  or  otherwise) 
engineers  and  road  builders  still  object  to  its  use  as  a  wearing 
surface. 

In  general,  it  may  be  said  that  while  we  have  not  as  much 
experience  on  which  to  base  conclusions  as  we  shall  have  later, 
the  experience  to  date  is  favorable  to  the  use  of  slag  for  any  kind 
of  road  construction. 

In  testimony  as  to  the  success  of  air-cooled,  blast  furnace 
slag  in  roads,  the  following  is  submitted:  Mr.  H.  J.  Werneberg, 
Western  Sales  Agent,  Duquesne  Slag  Products  Company,  states 
the  following  with  reference  to  examples  of  roads  in  which  slag 
was  used  in  the  construction : 

“In  the  past  nine  years  in  the  construction  of  improved  roads  within 
a  radius  of  thirty  miles  of  Pittsburgh,  forty-eight  townships  and  thirty- 
seven  municipalities  have  used  slag  in  ‘plain  slag’  and  macadam  roads  and 
streets,  and  as  an  aggregate  in  concrete  foundations  under  brick  paving, 
also  as  a  solid  slag  foundation  under  brick  paving.  The  state  and  counties 
are  also  using  some  of  it  in  concrete  foundations  and  for  wearing  surface 
on  improved  roads. 

“Not  so  many  miles  of  the  higher  classes  of  scientifically  constructed 
roads  have  been  built  in  this  section,  but  a  great  many  miles  of  ‘plain  slag 
roads’  have  been  put  down.  These  are  very  much  superior  to  a  dirt  road 
and  afford  a  smooth,  hard  driveway,  that  does  not  become  soft  or  rutted  in 
wet  weather  nor  turn  into  dust  in  dry  weather  and  yet  cost  a  minimum 
amount  per  mile. 

“In  the  vicinity  of  Pittsburgh  the  following  instances  of  its  use  in 
bituminous  road  construction  may  be  mentioned : 

“One  mile  of  the  Sewickley  Heights  road  at  Blackburn  Church,  for 
Allegheny  County,  is  of  slag  amiesite,  and  has  been  in  use  for  one  and  one- 
half  years.  This  section  is  built  between  two  other  sections  of  similar 
Warrenite  road,  in  which  the  mineral  aggregate  is  limestone. 

“Two  thousand  feet  of  Leechburg  road  near  Unity,  Pa.,  for  Alle¬ 
gheny  County,  of  construction  similar  to  the  above,  has  been  in  service  for 
three  and  one-half  years. 

“One  and  one-half  miles  of  road  in  Greentree  Borough,  in  Alle¬ 
gheny  County,  is  of  slag  tarvia  (penetration),  and  has  been  in  use  four 
and  one-half  years. 
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“One  and  one-half  miles  of  road  for  the  Allegheny  County  Industrial 
School  at  Warrendale,  Pa.,  was  laid  under  the  Topeka  specification,  and 
has  been  in  use  for  two  and  one-half  years. 

“In  Riverview  Park,  City  of  Pittsburgh,  Pa.,  one  mile  of  slag  tarvia 
(penetration)  ;  road  was  finished  in  1915. 

“In  the  Borough  of  Edgewood,  Pa.,  tarvia  (penetration)  paves  4000 

feet  of  Duquesne  avenue. 

“A  fifty-foot  experimental  section  of  what  has  been  named  ‘bitoslag’ 
was  laid  in  October,  1910,  at  the  end  of  Fifth  avenue,  at  city  line  of  the 
City  of  McKeesport,  Pa.,  on  the  White  Oak  Level  Road  in  Allegheny 
County,  adjoining  a  limestone  macadam  road.  It  was  in  service  for  five 
years.  Recently,  although  still  in  perfect  condition,  without  cracks  or 
other  evidence  of  wear,  this  piece  of  experimental  road  was  taken  up  along 
with  the  remainder  of  the  entire  road  which  was  repaved.  The  construc¬ 
tion  of  this  road  was  described  in  Mr.  S.  D.  Foster’s  paper  published  in  the 
Society’s  Proceedings,  June,  1911,  and  further  described  in  the  discussion 
of  his  paper.” 

From  Toledo,  Ohio,  Mr.  L.  H.  Hawblitz,  General  Sales  Man¬ 
ager  of  the  Great  Lakes  Slag  Company  (after  giving  a  list  of 
nine  or  ten  counties  in  Northwestern  Ohio  which  are  using  slag 
and  giving  a  long  list  of  different  roads  which  ha\e  been  built  of 
slag,  either  in  the  form  of  water-bound  macadam  or  various  types 
of  bituminous  construction,  beginning  with  the  year  1910  and  con¬ 
tinuing  up  to  the  present  time),  writes  as  follows: 

“Throughout  Northwestern  Ohio  slag  chips  are  very  much  in  demand 
and  are  preferred  by  most  of  the  township  and  county  road  officials  of 
Northwestern  Ohio,  for  use  in  surface  treating  or  carpet  coating  macadam 
roads  and  also  in  the  finishing  or  squeegee  coat  of  bituminous  macadam, 
penetration  method,  even  where  limestone  has  been  used  in  the  construc¬ 
tion  of  the  main  body  of  the  road.  Also  excellent  results  have  been  ob¬ 
tained  by  the  use  of  slag  in  plain  water-bound  macadam  construction. 

“A  very  excellent  example  of  water-bound  slag  can  be  seen  on  what 
is  known  as  Bay  View  Park  Drive,  near  the  City  of  Toledo.  This  drive 
was  constructed  in  1909,  by  the  Park  Department  of  Toledo,  under  the 
supervision  of  Mr.  M.  L.  Moore,  Superintendent.  This  road  was  water- 
bonded  six  inches  in  depth  when  compacted  and  with  the  exception  of  one 
section,  which,  due  to  poor  drainage  and  wet  sub-grade,  has  become 
loosened,  is  in  excellent  condition  despite  the  fact  that  it  receives  the 
heaviest  kind  of  automobile  traffic  as  well  as  all  kinds  of  horse-drawn 
vehicles.  Slag  has  been  used  almost  exclusively  by  the  Park  Department 
of  this  city  in  all  their  work,  which  includes  the  combination  curb  and 
gutter  along  park  drives,  concrete  base  under  Kentucky  rock  asphalt  sui- 
faces  and  concrete  benches,  etc. 
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“Slag  has  given  entirely  satisfactory  results  in  the  construction  of 
various  kinds  of  bituminous  macadam  roads  in  the  following  counties  in 
Ohio:  Williams  (tarvia)  ;  Fulton  (Pioneer  asphalt,  bermudez  and 

tarvia)  ;  Lucas  (tarvia  and  bermudez  asphalt)  ;  Lorain  (Standard  Oil 
asphalt)  ;  Wood  (tarvia).  Also  a  large  mileage  of  water-bound  slag  has 
been  used  in  each  of  the  above  counties.” 

Mr.  L.  A.  Beeghly,  President  of  the  Standard  Slag  Company, 
writes  as  follows : 

“Toledo  is  a  city  of  about  200  000  people,  situated  in  Lucas  County. 
Our  experience  in  Lucas  County  was  typical  of  the  experience  we  have  had 
in  all  of  the  various  localities.  At  first  they  were  extremely  skeptical  and 
we  had  considerable  trouble  in  inducing  them  to  use  it  even  in  the  founda¬ 
tion  course.  This  was  finally  accomplished,  and  I  think  it  was  in  the  year 
1911  when  we  secured  a  trial  of  slag  in  the  wearing  course.  The  slag  was 
used  just  at  the  edge  of  Toledo,  where  about  1000  ft.  of  Dorr  street,  one 
of  the  main  streets  entering  Toledo,  was  improved  with  bituminous  slag 
macadam.  Coal  tar  binder  was  used  and,  while  the  traffic  has  been  un¬ 
usually  heavy,  yet  no  maintenance  expense  had  been  put  on  this  section  of 
the  road  the  last  time  I  was  over  it,  which  was  early  last  fall.  There  was 
absolutely  no  break  in  the  surface  of  this  road  at  any  place,  and  there  was 
no  indication  that  the  enormous  traffic  it  was  carrying  was  having  any 
effect  on  it.  During  the  past  three  or  four  years  slag  has  gained  in  favor 
in  this  county  and  at  least  during  the  past  two  years  it  has  been  used  on  a 
par  with  stone,  and  in  some  instances  stone  is  being  used  in  the  foundation 
course  and  slag  on  the  wearing  course,  which  reverses  the  position  which 
slag  started  with.  Slag  is  used  exclusively  for  all  ‘squeegee  coat’  work  in 
this  county  regardless  of  whether  the  road  has  been  constructed  with  stone 
or  slag. 

“During  the  summer  of  1910  we  were  successful  in  having  slag  tried 
out  in  both  courses  of  a  water-bound  macadam  job  in  Williams  County 
under  the  State  Highway  Department.  The  finished  macadam  made  a  very 
favorable  impression  immediately.  While  the  results  were  very  satisfac¬ 
tory  to  the  Highway  Department  on  this  job,  we  were  unable  to  bring 
about  the  adoption  of  slag  on  an  equal  basis  with  stone  until  the  year 
1913,  and  since  that  time  slag  has  been  carried  in  the  state  specifications 
on  a  par  with  stone  and  a  very  large  mileage  of  slag  macadam  roads  are 
being  constructed  in  all  sections  of  Ohio  where  slag  is  available.  I  would 
estimate  that  from  25  to  50  miles  of  slag  macadam  roads  were  constructed 
by  the  State  Highway  Department  during  the  year  1915,  and  that  as  much 
as  100  miles  will  be  constructed  under  their  supervision  during  the  present 
year. 

“I  think  that  200  miles  will  be  a  conservative  estimate  of  the  mile¬ 
age  of  slag  macadam  roads,  of  the  different  types,  which  will  be  con- 
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structed  in  Ohio  by  townships,  counties  and  the  State  Highway  Depart¬ 
ment  during  the  present  year. 

“To  sum  up,  can  say  that  slag  is  in  excellent  standing  throughout 
Ohio  as  road-building  material  in  all  sections  where  it  is  available,  and 
there  is  no  longer  any  effort  required  to  have  it  included  in  the  specifica¬ 
tions  for  all  types  of  road  construction.  A  few  of  the  generally  recog¬ 
nized  advantages  which  slag  has  over  the  other  materials  follow  : 

“First:  Slag  is  at  least  the  equal  of  the  best  grade  of  stone  for 
water-bound  macadam  construction.  The  extraordinary  cementing  prop¬ 
erties  in  slag  gives  the  road  the  strength  and  solidity  approaching  that  of 
the  standard  concrete  road  where  Portland  cement  is  used. 

“ Second :  Blast  furnace  slag  is  superior  to  the  best  grades  of  rock 
in  bituminous  macadam  construction,  owing  to  the  porosity,  angularity  and 
toughness  of  slag.  A  bond  and  finished  surface  is  secured  in  bituminous 
macadam  construction  which  is  impossible  to  secure  with  the  best  grades 
of  stone  or  traprock. 

“Third:  Owing  to  the  peculiar  properties,  referred  to  above,  it  has 
been  proved  that  with  the  proper  handling  slag  used  as  aggregate  in  con¬ 
crete  road  construction  gives  results  superior  to  the  concrete  roads  con¬ 
structed  with  gravel  or  stone.” 

USE  AS  BALLAST 

Air-cooled,  blast  furnace  slag  is  also  proving  successful  as 
railroad  ballast.  Beginning  twenty-five  or  thirty  years  ago  slag 
was  used  for  this  purpose,  and  in  some  sections  is  still  used  in 
very  great  quantities  in  its  rough  form,  that  is,  just  as  it  is  dug 
with  the  steam  shovel,  including  all  the  fine  slag.  Millions  ot  tons 
have  been  used  in  this  way  in  years  past. 

In  recent  years,  in  this  district,  blast  furnace  slag  has  been 
used  for  ballast  in  its  crushed  and  clean  screened  form,  usually  in 
size  from  V/2  in.  to  2l/>  in.  It  is  stated  by  the  track  men  that  slag 
will  stand  the  tamping  pick  fully  as  well  as  any  of  the  native 
limestones  and  that  the  track  can  be  brought  to  surface  more 
easily  and  held  in  surface  longer  with  slag  ballast  than  with  stone 
ballast.  It  might  be  added  that  in  the  last  ten  years,  from  Du- 
quesne  alone,  nearly  1  000  000  tons  have  been  shipped  to  railroads 
and  street  car  lines  for  this  purpose.  I  he  reports  as  to  its  quali¬ 
ties  in  service  are  favorable. 
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ALEXANDER  DEMPSTER. 

Charter  Member  January,  1880. 

Director  1882-83-84. 

Vice  President  1886. 

President  1887-1888. 

Died  August  2,  1915,  at  Latrobe,  Pa. 

The  many  friends  of  Mr.  Alexander  Dempster  were  greatly 
shocked  on  the  morning  of  August  2nd  upon  hearing  of  the  fright¬ 
ful  accident  to  the  automobile  in  which  he,  with  his  wife  and  one 
of  his  sons,  was  returning  to  the  city  from  a  tour  to  the  seaboard. 
The  accident  occurred  in  the  mountains  near  Ligonier.  Witnesses 
who  saw  the  accident  from  some  distance,  reported  that  the  machine 
appeared  to  swerve  and  then  to  plunge  suddenly  over  a  steep  rugged 
embankment.  All  of  the  party  were  found  either  dead  or  unconscious, 
including  the  chauffeur.  Mr.  Dempster  survived  for  some  hours, 
dying  in  a  hospital  at  Latrobe. 

Mr.  Dempster,  notwithstanding  his  advanced  age,  took  an  active 
part  up  to  the  last  in  the  management  of  his  business  interests  which 
were  both  extensive  and  diversified,  furnishing  employment  to  a 
great  many  in  different  occupations.  He  was  a  self-made  man  and 
a  self-made  civil  engineer.  He  was  a  charter  member  of  this  Society 
and  served  as  a  Director  from  1882  to  1884,  Wee  President  in  1886 
and  was  President  of  the  Society  for  two  terms,  1887  and  1888. 

Those  living  who  took  part  in  the  early  life  of  the  Society  can 
testify  to  Mr.  Dempster’s  activity  and  earnest  interest  in  the  welfare 
of  the  organization.  As  a  presiding  officer,  he  proved  himself  to 
be  a  good  parliamentarian  and  while  strict  in  his  interpretations, 
when  rulings  were  necessary,  he  was  full  of  suggestions  often  humor¬ 
ous.  He  especially  encouraged  the  younger  and  more  diffident  mem¬ 
bers  to  take  part  in  the  discussions,  each  one  being  made  to  feel  that 
he  had  a  sympathetic  friend  on  the  rostrum.  Such,  it  is  true,  has 
ever  been  the  way  at  meetings  of  the  Society,  but  Mr.  Dempster 
merely  accentuated  peculiar  virtues  which  he  had  doubtless  acquired 
during  his  two  years  as  a  school  master,  an  unusual  experience  in 
the  lives  of  American  engineers. 

Mr.  Dempster  was  born  June  16,  1836,  at  Elderslie,  near  Glas¬ 
gow,  Renfrenshire,  Scotland.  His  father  was  superintendent  of  cer¬ 
tain  mines  and  surveys  were  being  made  for  a  new  one  about  the 
time  the  son  was  thirteen  years  old  and  the  lad  assisted  in  that  work. 
Several  months  later  the  engineer  was  called  elsewhere  and  Alex¬ 
ander  completed  the  work  and  for  nine  months  was  the  manager  of 
the  mine. 

He  reached  the  United  States  with  his  father  in  1850  and  settled 
in  Port  Perry,  above  Braddock,  on  the  Monongahela  River,  where 
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at  times  he  worked  with  his  father  in  coal  mines  and  on  a  farm, 
attending  school  during  the  winters  until  1858.  In  the  Fall  of  1858 
he  passed  an  examination  and  received  a  teacher’s  certificate  and 
at  once  obtained  a  school.  He  supplemented  his  work  as  a  teacher 
by  working  in  a  saw  mill. 

In  the  Fall  of  1862  he  enlisted  as  a  private  in  Company  G,  123 
Pennsylvania  Volunteers,  but  was  soon  given  a  clerical  position  at 
Regimental  Headquarters.  He  was  mustered  out  of  the  service  in 
1863  and  returned  to  Port  Perry,  where  he  engaged  in  the  coal  busi¬ 
ness,  shipping  coal  to  Oil  City  via  the  Allegheny  River.  In  1866  he 
was  a  transitman  for  the  Allegheny  Valley  R.  R.  Company  on  surveys 
through  the  Allegheny  Mountains  to  the  Susquehanna  River,  serving 
two  years  on  this  work.  In  1868  he  obtained  a  position  in  the  Kngi- 
neering  Dept.,  P.  R.  R-,  and  from  1869  to  1872  he  served  on  city 
engineering  work  and  in  April,  1872,  was  elected  by  Council  as  City 
Engineer,  in  which  capacity  he  served  for  ten  years. 

During  his  long  term  of  service  the  existing  system  of  water 
supply  was  completed,  excepting  the  more  recent  filtration  addition. 
He  had  much  to  do  with  the  laying  out  of  new  streets  over  several 
square  miles  of  farm  land,  which  is  now  the  residence  district  of 
the  East  End.  He  acquired  a  number  of  properties  and  gradually 
developed  an  extensive  real  estate  business  both  in  Pittsburgh  and 
Braddock;  while  at  the  same  time  he  became  the  principal  owner  of 
several  active  coal  mines.  He  was  one  of  the  founders  of  the  Monon- 
gahela  National  Bank  and  for  a  time  President  of  the  Monongahela 
Consolidated  Coal  Company.  He  was  also  a  director  of  the  Federal 
National  Bank  and  of  the  Pittsburgh  Coal  Company.  He  had  many 
other  interests,  among  which  may  be  mentioned  the  Crucible  Steel 
Company  of  America,  a  brick  works,  several  oil  companies,  etc. 

For  many  years  and  up  to  the  time  of  his  death.  Mr.  Dempster 
was  an  active  member  of  the  6th  U.  P.  Church,  Pittsburgh,  and  a  large 
contributor  to  the  church’s  educational  institutions  and  missions.  In 
every  way  his  personal  and  domestic  life  was  exemplary.  His  first 
wife,  who  died  in  1893,  was  Flora  Jane  Gilmore.  In  189b  he  married 
Ella  Davenport  of  Cincinnati,  Ohio,  who  met  her  death  with  him. 
as  has  been  stated.  Of  his  nine  children,  seven  boys  and  two  girls, 
four  sons  and  one  daughter  survive  him  and  it  is  to  these  children  that 
the  Engineers’  Society  of  Western  Pennsylvania  desires  to  extend  its 
heartfelt  sympathy  in  this  time  of  their  great  bereavement. 
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SAMUEL  DIESCHER. 

Born  in  Budapest,  1839. 

Charter  Member,  1880. 

Director.  1881-1882. 

Vice  President,  1903-1904. 

President,  1905. 

Died  Pittsburgh,  1915. 

Samuel  Diescher  was  born  in  Budapest,  July  25th,  1839;  died 
December  24th,  1915,  in  his  77th  year.  He  was  educated  in  the  Carls- 
ruhe  Polytechnic  College,  Germany,  and  at  the  University  at  Zurich, 
Switzerland. 

After  a  number  of  years  of  traveling  over  the  European  coun¬ 
tries,  and  connection  with  various  works  in  the  capacity  of  designer, 
he  came  to  this  country  in  1866  and  settled  in  Cincinnati,  and,  after 
about  a  year’s  work  as  designer  at  the  Niles  Tool  Works,  he  took 
charge  of  the  construction  of  an  Inclined  Plant  at  Cincinnati. 

While  in  Cincinnati,  he  was  married  to  Miss  Caroline  Endres, 
and  then  came  to  Pittsburgh.  He  was  engaged  in  the  city  engineer’s 
office  for  some  time,  and  was  in  charge  of  the  construction  of  the 
Brownsville  Road,  involving  retaining  walls  and  other  engineering 
difficulties  in  connection  with  supporting  the  hillside  and  making 
the  road  practical. 

Shortly  afterwards,  he  opened  an  office  in  the  old  Patterson  Block 
at  Sixth  Street  and  Penn  Avenue,  and  started  a  general  engineering 
practice.  Among  his  work  at  that  time  being  a  large  number  of  coke 
plants,  coal  washing  plants,  inclined  planes,  special  machinery,  etc. 
Among  the  inclined  planes  designed  and  constructed  by  him,  are  the 
Penn  Incline,  Monongahela,  Duquesne,  Fort  Pitt,  Nunnery  Hill  (which 
was  the  first  plane  of  any  size  to  operate  with  curved  track),  the  two 
Castle  Shannon  planes,  the  Mt.  Oliver  Passenger  Plane,  Troy  Hill. 
Johnstown,  two  at  Duluth,  Minn.,  Wheeling,  W.  Va.,  Cincinnati,  and, 
in  fact,  the  majority  of  the  heavy  planes  of  this  country,  in  addition 
to  two  in  South  America.  On  the  Penn  Incline  (16th  St.,  Pittsburgh), 
he  introduced  a  new  feature  of  “Safety  First”  by  installing  a  very 
successful  pneumatic  bumper. 

He  was  active  in  the  earliest  development  of  street  railway  con¬ 
struction,  and  in  the  years  1881  and  1882  carried  out  the  Perrysville 
Avenue  electric  line,  the  old  Squirrel  Hill  electric  line,  and  the  South 
13th  and  Mt.  Oliver  line;  all  of  which  have  long  since  disappeared. 
The  Perrysville  line  was  probably  the  first  one  to  use  an  under¬ 
ground  system. 

He  also  carried  out  many  water  works,  machine  shops,  rolling 
mills,  etc.,  and  was  also  designing  engineer  of  the  machinery  for 
operating  the  Ferris  Wheel  at  the  Chicago  Fair.  He  was  active  in 
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tin  plate  plant  design  and  construction  since  its  infancy  in  this  coun¬ 
try  and.  in  the  capacity  of  engineer,  carried  out  quite  a  number  o 

Up  until  some  years  ago,  he  was  very  active  in  Chamber  of  Com¬ 
merce  work;  also  as  president  of  our  Society,  which  office  he  held  in 
1905  His  papers  read  before  our  various  meetings  are  consi  e 
authoritative.  He  also  was  a  Life  Member  of  the  Pittsburgh  F.xpo- 

sition  Society  and  a  member  of  the  Art  Society. 

In  1901  his  sons  became  partners  of  the  firm,  and  the  name  \\as 
changed  to  S.  Diescher  &  Sons,  and  is  being  continued  under  that 
name  by  his  sons,  Samuel  E.  and  August  P.  Diescher;  a  third  son. 
Alfred  J.  Diescher,  is  Vice  President  and  General  Manager  of  the 
Quapaw  Natural  Gas  Company,  Bartlesville,  Oklahoma. 

Mr.  Diescher  was  not  active  in  business  since  the  year  1908,  o\Ning 
to  his  advanced  age;  however,  he  visited  his  office  daily  until  August 
of  1915,  at  which  time  his  visits  ceased,  and  he  remained  at  home 
thereafter  until  he  passed  away  on  December  24th,  1915, 

In  addition  to  the  sons  mentioned  above,  he  leaves  a  widow  Mrs. 
Carrie  E.  Diescher,  and  three  daughters,  Mrs.  A.  M.  Butler  of  Bos¬ 
ton,  Mass.,  Mrs.  L.  J.  Forster  of  this  city,  and  Miss  Irma  Diescher, 

Mr.  Diescher  as  an  engineer  was  greatly  admired.  In  all  his 
undertakings  he  had  initiative  power,  and  his  education  and  long 
experience,  backed  by  his  most  dominant  charactenstics-sterling 
qualities  and  common  sense, -gave  strength  to  his  views  among  other 
men  of  his  profession. 

He  was  of  a  most  lovable  and  kind  disposition,  modest,  unselfish, 
had  a  great  sense  of  duty  and  was  highly  respected  in  the  community 
for  his  honesty  and  integrity  in  all  business  matters. 

“The  world  was  better  because  he  lived; 

A  noble  spirit  has  gone  to  rest.” 


JAMES  MAPES  DODGE. 


Honorary  Member,  1903. 
Waverly,  N.  J.,  June  30,  1850. 
Philadelphia,  December  4,  1915. 


Tames  Mapes  Dodge  died  at  his  home  in  Philadelphia,  December 
4  1915  He  was  born  at  Waverly,  N.  J.,  June  30,  18a0.  Hts  father 
was  a  member  of  the  New  York  bar  and  his  mother  Mary  Mapes 
Dodge,  was  for  many  years  the  editor  of  the  St.  Nicholas  Magazine. 

Mr.  Dodge  was  educated  at  Cornell  University  and  Rutgers  Col¬ 
lege  and  had  miscellaneous  training  in  the  shops  of  the  Morgan  Iron 
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Works  and  at  the  ship-building  plant  of  John  Roach  at  Chester,  Pa. 
In  1876.  he  left  the  ship  yard  and  became  engaged  in  the  development 
of  the  chain  business.  At  that  time  the  application  of  chains  in  power 
transmission  and  their  use  in  conveying  and  elevating  machinery  was 
practically  unknown. 

Mr.  Dodge  was  alive  to  the  opportunity  and  new  types  of  chain, 
new  conveying  and  elevating  appliances  were  brought  out  in  rapid 
succession.  Later  he  entered  into  partnership  with  Edwin  H.  Burr 
at  Philadelphia  and  out  of  this  partnership  grew  in  1888,  the  Link 
Belt  Engineering  Company,  of  which  Air.  Dodge  became  chairman  of 
the  Board. 

He  was  also,  at  the  time  of  his  death,  president  of  the  J.  M. 
Dodge  Company  of  Nicetown,  Pa.  He  was  a  close  friend  of  Fred¬ 
erick  W.  Taylor  and  was  the  first  to  adopt  in  its  entirety  at  the  Phila¬ 
delphia  plant  of  the  Link  Belt  Company,  the  Taylor  System  of  scien¬ 
tific  management.  He  was  a  past  president  of  the  American  Society 
of  Mechanical  Engineers  and  vice  president  of  the  Franklin  Institute. 

Mr.  Dodge  was  much  interested  in  all  movements  which  tended 
to  civic  betterment  and  although  he  never  held  public  offices,  he  was 
a  member  of  the  Citizens  Committee  of  Seventy  and  also  president  of 
the  Public  Service  Committee  of  One  Hundred  at  Philadelphia.  He 
was  the  author  of  many  technical  papers  and  was  the  author  of  books 
on  coal  storage  and  rope  power  transmission. 

Mr.  Dodge  was  a  man  of  lovable  character  and  numbered  his 
friends  by  hundreds.  He  had  a  subtle  and  never  failing  wit  as  a  story 
teller  and  was  in  a  class  by  himself.  Alary  Twain  once  said  that  “Jim 
Dodge  was  the  best  story  teller  that  he  had  ever  known.” 

At  the  Annual  Banquet  of  the  Society  in  1913,  Mr.  Dodge  was 
Toastmaster  and  those  who  were  fortunate  enough  to  be  present,  will 
never  forget  his  wit  and  humor  on  that  occasion. 

Mr.  Dodge  is  survived  by  his  wife,  and  four  children,  two  sons  and 
two  daughters. 


JOHN  CHARLES  WILLIAM  GRETH. 

Buffalo,  N.  Y.,  May  15,  1874.  , 

Pittsburgh,  August  7,  1915. 

Joined  Society,  April,  1903. 

John  Charles  William  Greth,  son  of  William  and  Caroline  Greth. 
was  born  in  Buffalo,  N.  Y.,  on  May  15th,  1874.  He  attended  the  pub¬ 
lic  schools  of  Buffalo  and  was  graduated  from  the  Buffalo  Central 
High  School  in  1893.  In  the  same  year  he  entered  Cornell  University, 
Ithaca,  N.  Y.,  and  was  graduated  in  1897  with  the  degree  of  Alechanical 
Engineer. 
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After  his  graduation  Mr.  Greth  began  his  engineering  work  by 
installing  and  operating  for  a  few  months  a  power  plant  at  one  of  tin- 
summer  resorts  on  Lake  Erie.  During  the  succeeding  years  trom 
1898  until  1902  he  successively  installed  pumping  machinery,  designs 
special  machinery,  operated  a  power  plant,  and  installed  and  operate. 

refrigerating  and  ice  making  plants.  c 

In  February,  1902,  he  entered  the  service  of  \\  m.  B.  bcaite  it  bons 
Co  of  Pittsburgh,  Pa.,  as  manager  of  the  department  devoted  to  the 
softening  and  purification  of  water.  From  this  time  until  his  death 
his  whole  energy  was  devoted  to  the  development  ot  apparatus  am. 
methods  for  the  softening  and  purification  of  water  for  all  purposes. 

He  was  granted  sixteen  patents  on  improvements  in  water  purity- 
ing  apparatus,  several  of  which  marked  radical  steps  forward  in  the 

development  methods  in  water  purification. 

Mr.  Greth  occupied  a  dominant  position  in  the  field  of  water  puri¬ 
fication  and  his  forceful  presentation  of  the  subject  contributed  very 
materially  to  the  advancement  of  the  science  and  to  the  broadening 
of  the  application  of  water  purification  for  various  industrial  usrs 

He  contributed  articles  on  water  purification  to  the  technical  pub¬ 
lications  and  read  a  number  of  papers  before  various  engineering 
societies.  He  was  recognized  as  an  expert  in  water  purification  by 
engineers  and  chemists  and  his  sterling  integrity  gained  tor  him  a 
wide  circle  of  friends  and  admirers.  Mr.  Greth  was  noted  for  his  trank 
and  friendly  disposition  and  numbered  a  host  of  friends  among  his 
acquaintances.  He  commanded  the  respect  of  all  with  whom  he  came 
in  contact  by  his  sincerity  and  forceful  personality  coupled  with 

marked  ability  in  his  field  ot  endea\  or. 

Mr  Greth  had  not  been  in  robust  health  for  several  years  and  the 

shock  and  grief  over  the  loss  of  a  two-year-old  daughter  on  July  14th 
brought  on  a  nervous  breakdown,  from  which  he  did  not  have  the 
strength  to  recuperate,  and  after  two  weeks’  illness,  he  died  August 

7th  at  his  summer  home  at  Gibsonia.  Pa.  . 

In  1902,  he  was  married  to  Laura  Heussy  of  Buffalo,  N.  W,  who 

with  two  sons,  aged  11  and  8  years,  survive  him. 

He  was  a  member  of  The  American  Society  of  Civil  Engineers. 
The  American  Society  of  Mechanical  Engineers,  I  he  American  Insti¬ 
tute  of  Chemical  Engineers,  Engineers’  Society  ot  Western  Pennsyl¬ 
vania,  American  Chemical  Society,  Pittsburgh  Commandery  No.  1 
Knights  Templar,  Syria  Temple  A.  A.  O.  M.  S.  and  Duquesne  Club. 
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GEORGE  GIBSON  McMURTRY. 

Belfast,  Ireland,  May  28,  1838. 

Atlantic  City,  N.  J.,  August  5,  1915. 

Joined  Society,  February,  1882. 

George  Gibson  McMurtry,  chairman  of  the  Board  of  Directors 
of  the  American  Sheet  &  Tin  Plate  Company  for  some  years,  for  a 
much  longer  period  a  leading  manufacturer  of  sheets,  and  founder  of 
the  town  of  Vandergrift,  Pa.,  died  suddenly  August  5,  1915,  at  Atlantic 
City,  N.  J.,  aged  77  years.  He  was  born  in  Belfast,  Ireland,  May  28, 
1838.  At  an  early  age  he  came  with  his  parents  to  this  country.  The 
son’s  first  business  experience  was  at  Detroit.  Later  he  was  employed 
in  the  Chicago  office  of  Jones  &  Laughlin.  Going  to  Pittsburgh  he 
was  employed  by  James  Wood  &  Co.,  and  after  a  few  years  entered  the 
service  of  Jones  &  Laughlin,  as  the  present  Jones  &  Laughlin  Steel 
Company  was  then  known.  He  was  a  warm  friend  of  B.  F.  Jones,  Sr., 
head  of  that  company  for  many  years.  For  a  time  in  the  eighteen- 
seventies  Mr.  McMurtry  was  engaged  in  the  nut  and  bolt  business, 
the  firm  name  being  Charles  &  McMurtry. 

In  1885  Mr.  McMurtry  founded  the  Apollo  Iron  &  Steel  Com¬ 
pany,  which  acquired  the  Volta  Iron  Works  puddling  mill  and  sheet 
plant  at  Apollo,  Pa.,  and  built  two  15-ton  open  hearth  furnaces. 
It  was  very  successful  from  the  start.  Owing  to  labor  troubles,  which 
Mr.  McMurtry  deplored,  he  conceived  the  idea  of  establishing  opera¬ 
tions  on  a  larger  scale  and  of  building  up  a  separate  community. 
He  therefore  reorganized  the  Apollo  Iron  &  Steel  Company  and  built 
new  sheet  mills  at  Vandergrift,  Pa.  At  that  time  the  Vandergrift 
plant  was  the  largest  single  sheet  mill  in  the  country  and  it  still 
enjoys  that  distinction.  Mr.  McMurtry  was  the  father  of  Vander¬ 
grift,  widely  known  as  a  model  town,  and  has  often  been  referred  to 
as  “the  workingman’s  paradise.”  He  gave  years  of  hard  labor  to  the 
development  of  this  town,  and  while  at  first  the  venture  was  looked 
upon  with  skepticism,  he  pushed  steadily  ahead  and  today  it  is  known 
the  world  over  as  embodying  the  most  advanced  methods  found  in 
such  communities. 

Vandergrift  is  located  a  few  miles  below  Apollo  on  the  Kiski- 
minetas  River.  The  original  tract  comprised  640  acres  of  farm  land. 
Ground  was  broken  for  the  new  town  in  June,  1895.  In  the  “Iron 
Age”  for  November  21,  1901,  a  description  of  Vandergrift  and  the 
Vandergrift  plan  appeared.  The  town  then  had  over  6,000  inhabitants 
and  it  was  a  matter  of  comment  that  hardly  a  dozen  residents  at  that 
time  were  over  50  years  of  age.  The  workingmen  were  largely  natives 
of  the  locality,  sons  of  farmers  or  workingmen  in  nearby  towns.  In 
developing  the  Vandergrift  idea  Mr.  McMurtry  visited  many  of  the 
famous  workingmen’s  towns  in  Europe.  His  acquaintance  with  the  iron 
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and  steel  masters  of  Europe,  fostered  by  this  and  other  f-quent  v,.i,s 
resulted  in  many  warm  friendships  which  were  no  small 
establishing  friendly  relations  between  Amer.can  steel  manufacturers 
on  the  one  hand  and  British  and  Continental  steel  men  on  the  c .  h 
on  the  visit  of  the  latter  to  this  country  as  guests  of  the  Amenan 
Iron  and  Steel  Institute  in  the  Fall  of  1910.  Mr.  McMurtry  had  been 
a  member  of  the  Iron  and  Steel  Institute  (British)  since  1889.  He 
was  a  charter  member  of  the  American  Iron  and  Steel  Institute.  >u 
due  to  his  unusual  aversion  to  publicity  neither  portrait  nor  bmgraph- 
ical  sketch  of  him  appears  in  the  institute's  biographical  direct  .  . 

When  the  American  Sheet  Steel  Company  was  formed  m .April 
1900  Mr.  McMurtry,  owing  to  his  prominence  in  the  tr.u  e, 

made  its  president.  The  American  Sheet  Steel  Company  and 

American  Tin  Plate  Company  were  merged  in  the  American  .  licet 

.  t  1  on J.  \f  r  McMurtry  was  made  chair- 

Tin  Plate  Company  in  January,  1904.  Mr.  McMurtry 

man  of  the  board  of  the  larger  company  and  removed  from  P 

burgh  to  New  York  City.  This  was  largely  that  the  directors  ot  the 

United  States  Steel  Corporation  might  have  his  services  as  an  advisor 

and  he  became  a  member  of  the  corporation  s  advisory  board.  After 

he  left  Pittsburgh  Mr.  McMurtry  continued  to  a  ^ep  mtere 

in  the  town  of  Vandergrift,  which  was  very  close  to  his  heart.  an° 

when  he  returned  to  Pittsburgh  on  business  trips  he  always  made 

I  point  to  go  to  Vandergrift.  if  possible,  and  renew T,S  friendship 

with  his  hundreds  of  acquaintances  there.  \\  hen  le  . 

York  the  residents  of  Vandergrift  held  a  public  meeting  in  the  to 

hall  and  presented  him  with  a  silver  loving  cup.  In  appreciation  of 

this  gift  which  he  probably  prized  more  highly  than  any  other  ma  e 

Ll  posLsion,  Mr  McMurtry  presented  each  church  in  Vandergrift 

WithMarPiMcMurtry  leaves  his  widow  and  three  sons,  all  of  New  York. 
One  son  Dr.  Woods  McMurtry,  died  a  little  more  than  a  year  ago 

Mr.  McMurtry’ s  splendid  qualities  quickly  and  strongly  ""pressed 
themselves  upon  all  whom  he  honored  with  h,s  friendship.  He  was 
nevTr  too  busy  to  give  a  helping  hand  or  moral  or  business  counsel 
to  any  man  who  showed  worth  and  sincerity  of  purpose.  He 
hundreds  of  friends  in  Pittsburgh  who  regarded  him  as  an  ideal  mam 
But  with  all  his  influence  he  was  one  of  the  most  modest  01  men.  He 
hated  meanness  and  unfairness  and  was  the  soul  ot  honor  and  cons  . 
eration  in  all  his  dealings.  He  believed  that  every  man  will  develop 
good  qualities  if  the  proper  means  are  taken  to  bring  then  . 
regard  in  which  he  was  held  by  employees  was  shared  also  by  he.r 
children.  The  world  is  better  for  having  had  .eorge  G.  Me.  u  . 
in  it,  and  it  has  suffered  a  great  loss  in  his  death. 
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ANNUAL  MEETING 


The  Thirty-fifth  Annual  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  Rooms,  Oliver  Building, 
Pittsburgh,  Tuesday,  January  19,  1915,  at  8:15  P.  M.,  President  A.  R. 
Raymer  presiding,  126  members  and  visitors  being  present. 

The  minutes  of  the  last  annual  meeting  held  January  20,  1914,  were 
read  and  approved. 

The  annual  report  of  the  Board  of  Direction,  which  included  the 
reports  of  the  Standing  and  Special  Committees,  the  Sections  and  the 
Treasurer,  was  read  as  follows : 


REPORT  OF  THE  BOARD  OF  DIRECTION 


The  Board  of  Direction  of  the  Society  held  ten  regular  meetings  dur¬ 
ing  the  past  year,  at  which  the  routine  of  business  of  the  Society  was 
transacted. 


During  the  year  there  were  held  eight  regular  monthly  meetings,  one 
special  and  the  annual  meeting  of  the  Society.  Total  attendance  was  1514, 
the  average  being  126 ;  the  maximum  attendance  was  500,  the  minimum  33 
and  the  average  number  participating  in  the  discussion  of  papers  was  7. 

The  total  attendance  at  the  various  gatherings  of  the  Society  through¬ 
out  the  year  was  4152. 


At  the  close  of  the  year  the  membership 
follows : 

Honorary  Members  . 

Members  . 

Associate  Members  . 

Associates  . 

Juniors  . 

Student  Juniors  . 


of  the  Society  was 
6 

....  978 

....  16 

....  30 

.  93 

.  24 


as 


Total  .  H47 

This  is  the  largest  membership  in  the  history  of  the  Society.  During 
the  year  there  were: 

Resignations  .  60 

Removed  by  death  .  5 

Dropped  .  2 


Total  . 

Accessions  . 

The  net  increase  in  membership 


.  67 

.  94 

during  the  year  is  23. 
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REPORT  OF  HOUSE  COMMITTEE 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  Pennsylvania : 

On  behalf  of  the  House  Committee,  I  have  the  following  report  to 
present : 

The  equipment  of  the  library  has  been  added  to  by  the  purchase 
of  additional  book  cases  and  the  furnishings  of  the  Society  house  kept  in 
proper  repair. 

The  following  letter  from  Paul  L.  Wolfel,  Chief  Engineer  of  the 
McClintic-Marshall  Company,  transmitting  a  gavel,  will  be  of  interest  to 
all  our  members : 


Pittsburgh,  Pa.,  Dec.  17,  1914. 

Mr.  Elmer  K.  Hiles,  Secy. 

Engineers’  Society  of  Western  Penna. 

Oliver  Bldg.,  City. 

My  Dear  Mr.  Hiles  : 

I  take  pleasure  in  sending  you,  with  the  compliments  of  the  Mc¬ 
Clintic-Marshall  Company,  a  gavel  made  of  Lignum  Vitae  wood  which 
we  secured  from  the  original  ties  that  were  placed  for  the  first  railroad 
built  across  the  Isthmus.  We  understand  that  this  railroad  was  built  by 
an  American  engineer  named  Aspinwall  and  that  these  ties  were  placed 
between  1852  and  1857.  After  these  ties  had  been  in  use  for  about  thirty 
years,  they  were  taken  up  when  the  Panama  Railroad  was  re-located. 

We  trust  that  this  gavel  will  be  of  interest  and  use  to  you. 

Yours  very  truly, 

(Signed)  Paul  L.  Wolfel. 


It  is  gratifying  to  note  that  the  Society  rooms  are  being  used  more 
and  more  by  our  members.  Our  chess  players  are  coming  in  quite  regu¬ 
larly  during  the  noon  hour,  and  there  is  always  opportunity  for  a  game. 
Two  new  sets  of  chess  men  have  been  added  to  our  equipment  and  two 
new  chess  tables  will  be  purchased. 

During  the  year,  the  auditorium  has  been  used  on  40  occasions,  20 
times  for  Society  meetings  and  20  times  for  other  organizations. 


The  Society  rooms  have  been  open  every  Saturday  night  throughout 
the  year. 


Respectfully  submitted, 


W.  C.  Hawley,  Chairman. 
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REPORT  OF  PUBLICATION  COMMITTEE 


To  the  Board  of  Direction,  Engineers'  Society  of  IVestern  Pennsylvania: 


The  activities  of  the  Publication  Committee  during  the  past  year  have 
been  directed  along  the  same  lines  as  in  previous  years  in  securing  papers 
of  interest  and  value  to  the  various  industries  of  this  section,  and  also 
in  securing  capable  men  to  present  them. 


The  character  of  the  papers  is  well  indicated  by  the  increasing  num¬ 
ber  of  abstracts  which  are  printed  in  various  technical  journals  wit 
favorable  comment,  as  well  as  by  the  continued  good  attendance  at  our 
meetings  and  the  volume  of  discussion  brought  out. 

Quite  a  few  members  have  co-operated  with  the  Committee  by  sug¬ 
gesting  both  subjects  and  speakers,  and  the  Secretary  has  continued  ns 
usual  good  work  along  these  lines,  so  that  little  has  remained  for  the 
Committee  to  do  except  in  an  advisory  capacity. 

It  would  be  well  to  have  still  more  members  take  an  interest  in  this 
part  of  the  Society’s  work  by  suggesting  topics  to  the  Committee,  so  that 
the  best  possible  material  be  secured  for  our  Proceedings. 


Respectfully  submitted, 


A.  L.  Hoerr,  Chairman. 


report  of  entertainment  committee 

To  the  Board  of  Direction,  Engineers’  Society  of  IVestern  Pennsylvania : 

During  the  past  year  your  Committee  arranged  tire  following  Inspcc- 
tion  Trips  and  Entertainments: 


INSPECTION  TRIPS 


March  tlst :  To  Ross  Pumping  Station  to  inspect  additions  to  pump¬ 
ing  equipment  by  Dravo  Doyle  Company.  Attendance,  180. 


June  6th:  Inspection  of  Keystone 
Nest  and  Huron  Mines  near  Greensburg. 


Coal  &  Coke 
Attendance, 


Company’s  Crow’s 
247. 


August  8th :  Inspection  of  1000  ft.  Arch  Span  for  the  Hell  Gate 
Bridge  at  the  American  Bridge  Company  Plant.  Attendance,  -/a. 
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SMOKERS 

March  28th :  Fort  Pitt  Hotel.  Talk  by  Howard  W.  DuBois  of  Phila¬ 
delphia,  on  “Hunting  Big  Game  With  a  Camera  in  British  Columbia.” 
Motion  pictures  and  slides.  Attendance,  210. 

June  26th :  Baseball  game  and  smoker.  Baseball  game  at  University 
of  Pittsburgh  baseball  grounds  and  smoker  at  Hotel  Schenley.  Attend¬ 
ance,  116. 

November  6th :  Smoker  at  Hotel  Schenley.  Chester  B.  Albree,  Sum¬ 
ner  B.  Ely,  George  H.  Neilson  and  Quadrangle  Quartette.  Attendance, 
189. 


The  annual  Banquet  was  held  Friday,  February  6th,  at  the  Hotel 
Schenley.  Attendance,  695. 

The  Banquet  this  year  will  be  held  at  the  Hotel  Schenley,  February 
8th.  The  following  speakers  have  been  secured:  Mr.  James  H.  Farrell, 
President,  United  States  Steel  Corporation ;  Rear  Admiral  Victor  Blue, 
U.  S.  N. ;  Professor  Goss,  Dean  of  the  School  of  Engineering,  University 
of  Illinois,  and  Mr.  Sumner  B.  Ely,  Toast  Master, 

From  present  indications  we  will  have  a  large  attendance. 

The  Entertainment  Committee  feels  that  the  Society  should  take 
more  interest  in  the  work  of  the  Committee.  Suggestions  will  be  wel¬ 
comed  by  the  Committee  and  would  be  of  much  value.  It  is  not  possible 
for  the  Committee  to  be  in  touch  with  all  the  interesting  engineering  work 
being  done  in  this  district  and  no  doubt  a  number  of  trips  were  overlooked. 

The  Committee  also  wishes  to  call  the  attention  of  the  Officers  of  the 
Society  to  the  fact  that  their  presence  on  Inspection  Trips  is  desirable. 

Respectfully  submitted, 

G.  H.  Neilson,  Chairman. 


FINANCE  COMMITTEE 


To  the  Board  of  Direction,  Engineers’  Society  of  Western  Pennsylvania : 

During  the  year  1914  your  Finance  Committee  has  audited  the  ac¬ 
counts  of  the  Secretary  and  approved  the  monthly  statements  rendered 

the  Society. 

Respectfully  submitted, 


Samuel  E.  Duff,  Chairman. 
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REPORT  OF  MEMBERSHIP  COMMITTEE 

To  the  Board  of  Direction,  Engineers ’  Society  of  Western  Pennsylvania: 

The  Membership  Committee  desires  to  report  the  following  acces¬ 
sions  to  membership  in  the  Society  during  the  past  year : 

Members  .  4^ 

Associate  Members  . 

Associates  . 

Juniors  . 

Student  Juniors  .  b 


Total  .  94 

The  Junior  membership  of  the  Society  now  numbers  93  and  it  is 
believed  that  this  grade  of  membership  should  be  increased  in  order  to 
extend  our  field  of  usefulness.  It  is  hoped  that  during  the  coming  year 
more  of  the  advanced  students  in  the  engineering  schools,  of  the  city 
will  avail  themselves  of  the  privileges  of  the  Student  Junior  grade  of 
membership,  and  it  is  desired  to  bring  this  matter  particularly  to  the  heads 
of  the  Engineering  Departments  of  the  local  engineering  schools,  as  such 
membership  in  the  Society  will  prove  of  great  benefit  to  the  engineering 

students. 

Respectfully  submitted, 

Kenneth  Seaver,  Chairman. 


REPORT  OF  TREASURER 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  Pennsylvania: 

Your  Treasurer  takes  pleasure  in  presenting  the  following  statement 
of  the  finances  of  the  Society  for  the  year  ending  December  31,  1914: 


INVESTMENTS 
Building  Fund 

One,  $1000  Butler  Water  Company,  5  percent  bond,  No.  9,  ma 
tures  September  2,  1931 . 


Permanent  Bund 


Two,  $1000  Connellsville  Water  Company  5  percent  bonds,  Nos. 

317-318,  maturing  October  1,  1930 . 

Two,  $1000  Portsmouth,  Berkley  &  Suffolk  \\  ater  0  ompany  5 

percent  bonds,  Nos.  465-466,  maturing  Nov.  1,  1944 . 

Three,  $1000  Jones  &  Laughlin  Steel  Company  5  percent  bonds, 
Nos.  3020-3022,  maturing  May  1,  1931 . 


2020.1X1 

2000.00 

2997.92 


Total  eight  bonds 


$8042.92 
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RECEIPTS 

EXPENDITURES 

Dues  1915 . 

.$  11.87 

Administration  . . 

. $  5134.42 

1914 . 

.  9841.53 

Entertainment  . 

.  3319.79 

1913 

448.75 

House  . 

.  3457.36 

1912 . 

28.75 

Library  . 

21.85 

1911 . 

20.00 

General  Society  . 

.  1275.39 

1907 . 

8.00 

Mechanical  Section  .. 

.  206.32 

Entrance  Fees  . 

.  690.00 

Structural  Section  .... 

.  244.95 

Advertising  . 

.  1360.26 

Metallurgical  and  Mining 

Proceedings  . 

.  575.16 

Section  . 

50.15 

Rent  of  Auditorium  . 

120.00 

Committee  on  Engin 

eer- 

Banquet  Receipts  . 

.  2716.00 

ing  Education  . 

153.04 

Smoker  Receipts  . 

.  445.00 

Proceedings  . . 

.  2375.12 

Inspection  Trip  Receipts. 

82.81 

Miscellaneous  . 

270.40 

Interest  . 

702.15 

Society  Pins  . 

35.00 

Miscellaneous  . 

25.97 

* 

$17,111.25 

$16,508.79 

TOTAL  ASSETS 

December  31,  1913  December  31,  1914. 

Bonds  . 

$8042.92 

$8042.92 

Permanent  Fund  . . 

5606.48 

5611.37 

Building  Fund  . 

586.37 

586.37 

General  Fund  . 

310.20 

912.66 

$14545.97 

Increase  in  Assets  for  1914  over 

1913  .  607.35 


$15,153.32  $15,153.32 

Respectfully  submitted, 

A.  E.  Frost,  Treasurer. 


REPORT  OF  MECHANICAL  SECTION 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  Pennsylvania  : 

Five  regular  meetings  of  the  Mechanical  Section  of  the  Society  were 
held  in  1914,  with  an  average  attendance  of  91.  The  maximum  attendance 
was  153,  at  the  December  meeting,  and  the  minimum  46,  at  the  November 
meeting.  The  average  number  participating  in  the  discussion  of  papers 
was  7. 
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The  papers  presented  were  as  follows: 


February  meeting-.  “Crucible  Steel:  Some  Interesting  Facts."  by  George 
H.  Neilson,  Secretary  and  General  Manager,  Braeburn  Steel  Company. 

April  meeting  :  “Hydraulic  Mining,”  by  Howard  W.  Du  Bois,  Consulting 
Mining  Engineer. 

June  meeting:  “Principles  and  Details  Involved  in  Moving  Large  Struc¬ 
tures,”  by  George  W.  Nichols,  Engineer,  John  Eichleay,  Jr.,  Company. 

November  meeting  :  “Steam  Turbine  Mill  Drive,”  by  John  D.  Berg.  N  ice 
President,  Dravo-Doyle  Company. 

December  meeting:  “Recent  Developments  in  the  Heat  Treatment  ot 
Gearing,”  by  W.  H.  Phillips,  Metallurgist,  R.  D.  Nuttall  Company. 

These  papers  were  selected  with  the  idea  of  presenting  subjects  of 
particular  interest  to  the  mechanical  engineers  in  the  Pittsburgh  District. 
The  adoption  of  this  policy,  which  was  recommended  some  time  ago  by 
the  Board  of  Direction,  has  been  fully  justified  during  the  past  tour  years 
by  the  experience  of  the  Mechanical  Section. 

Respectfully  submitted, 

John  A.  Hunter,  Chairman. 


REPORT  OF  STRUCTURAL  SECTION 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  Pennsylvania: 

I  beg  to  submit  the  following  report  of  the  work  done  by  the  Mruc- 
tural  Section  during  the  year  1914: 

Five  regular  meetings  of  the  section  were  held  during  the  year.  1  he 
average  attendance  at  these  meetings  was  73,  the  maximum  attendance 

being  94  and  the  minimum  60. 

An  average  of  nine  participated  in  the  discussion  of  the  several  papers 
presented.  The  papers  read  during  the  year  were  as  follows. 

January  meeting:  “The  Strength  of  the  Equipment  for  Handling  Loads,” 
by  Edward  Godfrey,  Structural  Engineer,  Robert  \\  .  Hunt  &  Co. 

March  meeting:  “Mine  Valuation,”  by  James  R.  l  niley.  Consulting  Min¬ 
ing  Engineer,  New  York  City. 

May  meeting :  “Theory  and  Practice  in  Writing  Building  I.aws,"  by  John 
A.  Ferguson,  Engineer,  Bureau  of  Building  Construction,  City  ot 
Pittsburgh. 
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September  meeting:  “Construction  Features  of  the  North  Side  Reservoir 
of  the  Water  Works  of  the  City  of  Pittsburgh,”  by  E.  E.  Lanpher, 

Division  Superintendent,  Bureau  of  Water,  and  John  S.  Cole,  Assist¬ 
ant  Engineer,  Bureau  of  Water. 

November  meeting:  “Construction  Details  of  the  Lock  Gates  of  the 
Panama  Canal,”  by  R.  A.  Pendergrass,  Engineer,  Pittsburgh  Plant, 
McClintic-Marshall  Company. 

Respectfully  submitted, 

William  E.  Mott,  Chairman. 

REPORT  OF  TELLERS 

To  the  Members  of  the  Engineers’  Society  of  Western  Pennsylvania: 

The  Tellers  publically  canvassed  the  ballots  cast  in  the  annual  elec¬ 
tion  of  the  Engineers’  Society  of  Western  Pennsylvania,  with  the  follow¬ 


ing  results : 

For  President :  A.  Stucki  .  220 

For  Vice  President :  Alex.  L.  Hoerr  .  220 

For  Treasurer :  A.  E.  Frost  .  221 

For  Director:  William  Hoopes  .  219 

For  Director :  John  S.  Unger  .  219 

Scattering :  .  2 


Respectfully  submitted, 

G.  L.  Taylor, 

B.  F.  Groat, 

H.  A.  Rapelye, 

T  ellers. 


These  gentlemen  were  thereupon  declared  elected. 

The  President  requested  the  First  and  Second  Vice  Presidents  of  the 
Society,  Samuel  E.  Duff  and  A.  L.  Hoerr,  to  escort  President-elect  Arnold 
Stucki  to  the  chair,  who  thereupon  addressed  the  Society  as  follows : 

I  greatly  appreciate  your  kindness  in  electing  me  President  of  this 
flourishing  Society.  I  consider  it  a  great  honor  and  I  will  do  all  I  can 
to  keep  the  wheel  revolving  in  the  same  direction.  This  is  one  of  the 
strongest  local  engineering  societies  in  the  United  States  and  a  good  deal 
has  been  accomplished.  Our  papers  and  discussions  have  been  most  val¬ 
uable  to  the  engineering  profession  and  much  good  has  been  done  towards 
bringing  the  practical  engineer,  the  manufacturer  and  the  engineering 
schools  in  closer  touch  with  one  another,  and  the  last  year  was  an  espe¬ 
cially  successful  one  in  this  direction. 

The  President,  you  well  know,  cannot  accomplish  anything  alone,  he 
depends  more  than  anybody  else  on  the  co-operation  of  the  whole  Society, 
and  with  this  comforting  thought  I  look  ahead  with  a  great  deal  of 
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pleasure.  Our  good  Secretary  and  a  harmonious  and  enthusiastic  Board 
of  Direction  will  again  propel  and  steer  the  ship.  But  this  is  not  enough 
you  all  will  have  to  help  along.  Many  of  you  are  able  to  assist  u>  in  pre¬ 
senting  papers;  more  of  you  can  help  in  their  discussion;  most  ot  you, 
we  hope,  can  attend  our  future  meetings;  and  all  of  you,  I  am  sure,  wi 
say  a  kind  word  about  the  Society  whenever  possible. 

I  said  above  that  this  is  one  of  the  strongest  local  engineering  societies, 
but  it  is  not  quite  the  largest.  A  few  hundred  more  members  will  make  it 
so.  Let  us  join  hands  in  this  effort  and  make  it  in  191^  1  he  largest  loca 

Engineers’  Society  in  the  land. 

No  further  business  coming  before  the  Society,  the  paper  ot  the  even¬ 
ing  “On  the  Pymatuning  Reservoir  Project,”  was  presented  by  E. 
Haslam  Engineer,  Pymatuning  Dam  Project,  of  the  State  Water  Supply 

Commission. 

The  meeting  adjourned  at  10:30  P.  M. 

Elmer  K.  Hiles,  Secretory. 


STRUCTURAL  SECTION 

The  annual  meeting  of  the  Structural  Section  of  the  Engineers 
Society  of  Western  Pennsylvania  was  held  in  the  Society  Roo,n*-  u  J 
Building,  Pittsburgh,  Pa.,  Tuesday,  January  oth.  191a.  at  8;bIjW. 
Chairman  William  E.  Mott  presiding,  83  members  and  visitors  being 

PreSThe  minutes  of  the  last  annual  meeting  held  January  6th.  1914,  were 
read  and  approved. 

The  nominating  Committee  presented  the  following  report: 

To  the  members  of  the  Structural  Section,  Engineers’  Society  of  Western 
Pennsylvania : 

Gentlemen  :  „  „  . 

Your  nominating  Committee  wish  to  suggest  the  to  owing  n.um> 

for  the  officers  of  the  Section  for  the  ensuing  year: 

...  .  . Paul  L.  Wolf  el. 

Chairman  .  ,, 

™  .  . Horace  K.  Inayer. 

Vice  Chairman  . 

|  Herman  Laub, 

,  . -  G.  W.  Nichols, 

Directors  .  ) 

J.  T.  Donaldson, 
Respectfully  submitted, 

Richard  KhuEN,  Chairman. 


The  annual  meeting  adjourned  at  8:30  P.  M 
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The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the  Engi¬ 
neers’  Society  of  Western  Pennsylvania  was  held  in  the  Society  Rooms, 
Oliver  Building,  on  Tuesday  evening,  January  5th,  1915,  at  8:30  P.  M., 
Past  Chairman  William  E.  Mott  presiding,  83  members  and  visitors  being 
present. 

The  minutes  of  the  last  regular  meeting  held  November  2nd  were 
read  and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  “Emergency  Dams  of  the  Panama  Canal”  was  presented  by 
Mr.  O.  E.  Hovey,  Asst.  Chief  Engineer  of  the  American  Bridge  Company, 
New  York,  N.  Y. 

The  ensuing  discussion  was  participated  in  by: 

R.  A.  Pendergrass,  McClintic-Marshall  Company,  Rankin,  Pa. ;  Rich¬ 
ard  Khuen,  General  Manager  Erection  American  Bridge  Company,  Frick 

Building:  Elmer  K.  Hiles,  Secretary  of  the  Society;  A.  Stucki,  Consulting 
Engineer,  Oliver  Building,  Pittsburgh ;  C.  N.  Haggart,  Consulting  Engi¬ 
neer,  Yandergrift  Building;  G.  F.  Stickney,  Consulting  Engineer,  The 
Lake  Erie  and  Ohio  River  Canal,  Pittsburgh  ;  Messrs.  McDonald ;  Whit¬ 
ney;  Ferguson,  and  O.  E.  Hovey. 

On  motion,  the  meeting  adjourned  at  10:12  P.  M. 

Elmer  K.  Hiles,  Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engi¬ 
neers’  Society  of  Western  Pennsylvania  was  held  in  the  Society  rooms, 
Oliver  Building,  Pittsburgh,  Monday,  January  4,  1915,  at  4:20  P.  M., 
President  A.  R.  Raymer  presiding,  Messrs.  Neilson,  Crabtree,  Stucki, 
Duff,  Snyder,  Hawley,  Handy,  Hoerr,  Taylor  and  the  Secretary  being 
present. 

The  minutes  of  the  last  regular  monthly  meeting  held  December  7, 
1914,  were  read  and  approved. 

The  applications  of  the  following  gentlemen  having  been  published 
to  the  Society  pursuant  to  the  action  of  the  Board  on  December  7th,  were 
duly  elected  to  membership. 

MEMBER 

Bate,  Harley  A.  Neal,  Albert  Durant 

Davis,  William  Arthur  Williams,  Homer  D. 

JUNIOR 

Heath,  John  Russell 

Applications  for  membership  were  received  from  the  following  gen¬ 
tlemen  and  their  applications  ordered  published  to  the  Society : 
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MEMBER 


Christy,  George  Lewis  Egan,  Francis  dc  Sales 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society  at  the  close  of  business'  November  30th,  having  been  previously 

audited  by  the  Finance  Committee,  was  approved. 

President  A.  R.  Raymer  addressed  the  Board,  expressing  his  keen 
appreciation  of  the  loyal  support  accorded  him  during  his  incumbency  in 
office  by  the  members  of  the  Board  of  Direction,  felicitating  the  Board 
upon  the  successful  year  the  Society  has  just  closed. 

Mr.  James  O.  Handy  addressed  the  members  of  the  Board  of  Direc¬ 
tion  upon  his  withdrawal  from  the  official  life  of  the  Society  after  having 
served  continuously  for  eight  years  as  a  member  of  the  Board  of  Direction. 
He  commented  on  the  substantial  progress  the  Society  is  making  from 
year  to  year  and  expressed  himself  appreciatively  regarding  the  very 
pleasant  relations  which  had  obtained  and  the  opportunity  afforded  him 
in  assisting  in  furthering  the  work  of  the  Society  under  such  pleasant 
circumstances. 

Mr.  W.  C.  Hawley  addressed  the  Board  upon  withdrawal  as  a  member 
of  the  governing  body  of  the  Society  after  three  years’  service,  commend¬ 
ing  the  Board  and  the  Society  upon  the  growth  of  the  organization  and 
the  gradual  extension  of  its  sphere  of  activities,  speaking  appreciatively 
of  the  very  pleasant  recollections  he  carries  of  his  association  with  the 
members  of  the  Board 

The  meeting  adjourned  at  5:20  P.  M. 


Elmer  K.  Hiles,  Secretary. 
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REGULAR  MONTHLY  MEETING 

The  342nd  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Lecture  Hall  .Carnegie  Library. 
Tuesday  evening,  February  16th,  1915,  at  8:00  P.  M.,  Pres.dent  A.  Stuck, 
presiding,  156  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  January  19,  UK, 

read  and  aPP^e<^f  Direction  reported  the  election  of  eight  Members 
to  membership  in  the  Society  and  the  receipt  of  three  applications  lor 

membership.^her  busjness  coming  before  the  Society,  the  paper  of  the 
evening  on  “Considerations  With  Regard  to  the  Rapid  Transit  Iroblem 
in  Cities”  was  read  by  Dr.  George  F.  Swain,  Chairman  Boston  Transit 
Commission,  Professor  of  Civil  Engineering,  Harvard  Lnners.ty 

It  was  moved,  seconded  and  carried  unanimously  that  a  tote  01 
thanks  be  extended  to  Dr.  Swain,  whereupon  the  President  expressed  to 
Dr.  Swain  the  appreciation  and  thanks  of  the  Societ\  tor  us  \cr>  in  t 

esting  paper. 

The  meeting  adjourned  at  10:45  P.  M. 

Elmer  K.  Hii.es,  Secretary. 


MECHANICAL  SECTION 

The  annual  meeting  of  the  Mechanical  Section  of  the  Engineers 
Society  of  Western  Pennsylvania  was  held  in  the  Soc.et y Room5,  Oliver 
Building,  Pittsburgh,  Tuesday,  February  2nd,  1915,  at  8:1s  1  .  M„  U  a 
man  John  A.  Hunter  presiding,  160  members  and  visitors  being  prescu  . 

The  minutes  of  the  last  annual  meeting  held  February  3,  1  »14,  wire 

read  and  approved.  ,,  . 

The  report  of  the  Nominating  Committee  was  presented  as  follows. 

“To  the  Officers  and  Members  of  the  Mechanical  Section, 

Engineers’  Society  of  Western  Pennsylvania. 

Dear  Sirs  :  _  ,  ,  0 

The  Committee  appointed  to  nominate  officers  for  the  Section  n 

the  ensuing  year  offers  the  following  nominees  for  the  several  offices  ot 

the  Section  for  the  year  1915: 

Chairman,  John  A.  McCulloch. 

Vice  Chairman,  E.  D.  Leland. 

f  J.  S.  Albert 
<  Karl  Nibcckcr 
j  D.  A.  Polhemus 

Respectfully  submitted, 

Frank  E.  Leahy,  Chairman. 

A.  Stucki, 

J.  L.  Kundworth. 


Directors, 


14 


PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA. 


On  motion  the  Secretary  was  requested  to  cast  a  unanimous  ballot 
tor  the  gentlemen  nominated,  who  were  thereupon  elected. 

In  the  absence  of  the  Chairman-elect,  Mr.  E.  D.  Leland,  Vice  Chair¬ 
man,  was  called  to  the  chair. 

Xo  further  business  coming  before  the  Section,  the  address  of  the 
retiring  Chairman  on  “Tests  on  Recent  Type  of  Chain  Grate  Stoker  and 
New  Method  of  Baffling  Stirling  Boilers”  was  presented  by  John  A. 
Hunter.  Discussion  by  correspondence  from  the  following  engineers 
was  read  by  the  Secretary : 

Dr.  D.  S.  Jacobus,  Advisory  Engr.,  Babcock  &  Wilcox  Co.,  New 
York,  N.  Y.;  John  Wolff,  Chf.  Engr.,  Cleveland  Electric  Illg.  Co.,  Cleve¬ 
land,  O. ;  W.  E.  Snyder,  Mech.  Engr.,  American  Steel  &  Wire  Co.,  Pitts¬ 
burgh,  Pa. 

Further  discussion  was  presented  by: 

M.  Alpern,  American  Engineering  Co.,  Philadelphia,  Pa.;  T.  A.  Marsh, 
Chf.  Engr.,  Green  Engineering  Co.,  Chicago,  Ill. ;  Karl  Nibecker,  Steam 
Engr.,  Youngstown  Sheet  &  Tube  Co.,  Youngstown,  O. ;  A.  A.  Straub, 
Engr.,  Duquesne  Light  Co.,  Pittsburgh,  Pa. ;  J.  E.  Bell,  Engr.,  Babcock  & 
Wilcox  Co.,  New  York,  N.  Y. ;  E.  D.  Leland,  Supt.,  Compressing  Sta¬ 
tions,  Philadelphia  Co.,  Pittsburgh;  O.  P.  Hood,  Chf.  Mech.  Engr.,  U.  S. 
Bureau  of  Mines,  Pittsburgh,  Pa. ;  W.  H.  White,  Supt.,  Boiler  Dept.,  Van- 
dergrift  Works,  American  Sheet  &  Tin  Plate  Co.;  B.  H.  Noland,  Boiler 
Room  Supt.,  Brunot’s  Island  Power  Station,  Duquesne  Light  Co.,  Pitts¬ 
burgh,  Pa.,  and  John  A.  Hunter. 

The  meeting  adjourned  at  10:22  P.  M. 

Elmer  K.  HilEs,  Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  En¬ 
gineers’  Society  of  Western  Pennsylvania  was  held  in  Room  D,  Duquesne 
Club,  Monday,  February  1,  1915,  at  8:50  P.  M.,  President  A.  Stucki  pre¬ 
siding,  Messrs.  Duff,  Hoerr,  Taylor,  Frost,  Linger,  Crabtree,  Hoopes, 
Neilson,  Haslam  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  January  4,  1915,  were 
read  and  approved. 

The  applications  of  the  following  gentlemen  having  been  published 
to  the  Society  pursuant  to  the  action  of  the  Board  of  January  4,  were 
duly  elected  to  membership : 
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MEMBER 


Christy,  George  Lewis 


Egan.  Francis  DeSales 


Applications  for  membership  were  received  from  the  following  gentle¬ 
men  and  their  names  ordered  published  to  the  Society.  Assignment 
to  the  various  grades  of  membership  is  as  follows  : 


MEMBER 


jBacklin,  Axel  F. 
Degener,  Paul  A. 
Jdultquist,  Victor  Jonas 
Maclean,  Malcolm  R. 


Price,  Phillip  W. 
Stearns,  Earl  Downing 
Thompson,  Arthur  \Y. 
Wikander,  O.  A.  R. 


A  request  for  reinstatement  was  received  from  Mr.  E.  D.  Frohman, 
who  joined  the  Society  April,  1896,  and  withdrew  in  1902.  The  Secre¬ 
tary  was  authorized  to  replace  Mr.  FrohmaiYs  name  on  the  Society  rolls. 
Upon  request,  Mr.  A.  C.  Vauclain  was  transferred  from  the  grade  of 
Associate  Member  to  that  of  Member. 

The  Secretary  reported  the  death  of : 

Robert  Maxson  Green.  Joined  November,  1908,  Died  Dec.  15,  1914. 
George  L.  Miller.  Joined  January,  1905,  Died  August  12.  1914. 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society  at  close  of  business  December  31,  1914,  having  been  previously 
audited  by  the  Finance  Committee,  was  approved. 

The  Secretary  retired  from  the  meeting  while  the  matter  of 
election  of  a  Secretary  for  the  ensuing  year  was  considered.  Elmer 
K.  Hiles  was  re-elected  Secretary  of  the  Society. 

The  Medal  Award  Committee,  A.  L.  Hoerr,  Chairman,  A.  Stucki 
and  Fred  Crabtree,  made  the  following  report  through  its  Chairman  : 

To  the  Board  of  Direction, 

Engineers’  Society  of  Western  Penna. : 

The  Committee  on  Medal  Awards  held  a  meeting  on  Friday, 
January  29,  all  members  being  present. 

After  an  examination  of  all  papers  eligible,  a  discussion  of  their 
merits  and  a  study  of  the  rules  governing  the  award,  it  was  decided 
unanimously  to  make  the  following  recommendations: 

That  a  gold  medal  be  awarded  to  Mr.  A.  W.  Thompson  for  his 
paper  on  the  “Magnolia  Cut-Off  Improvement  on  the  Baltimore  and 
Ohio  Railroad,”  and  a  silver  medal  to  Mr.  B.  F.  Groat  for  his  paper 
on  “Pitot  Tube  Formulas — Facts  and  Fallacies.” 
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In  connection  with  this  recommendation  the  Committee  wishes 
to  call  attention  to  the  fact  that  medals  have  been  awarded  only  twice, 
once  in  1907,  the  year  they  were  first  authorized,  and  again  in  1912. 

This  would  indicate  one  of  two  things,  either  the  papers  pre¬ 
sented  at  our  meetings  are  of  a  rather  low  order  of  merit,  or  the 
language  of  the  rules  governing  the  award  has  been  construed  too 
rigidly  in  the  past. 

Rule  4  reads :  “A  medal  shall  be  awarded  for  the  paper  which 
is  of  greatest  value  as  an  original  contribution  to  engineering  science.” 

Under  this  rule  many  papers  which  were  responsible  for  our  most 
successful  meetings  and  which  provoked  animated  discussion  about  the 
subjects  treated,  as  well  as  about  the  Society  itself,  have  been  passed  by 
as  not  eligible  for  an  award. 

To  remedy  this  situation  and  to  make  it  possible  to  utilize  the 
medal  award  more  freely  and  with  greater  benefit  to  the  Society,  your 
Committee  would  suggest  an  examination  of  the  rules  and  possibly  some 
changes  to  make  it  clear  to  succeeding  committees  just  what  degree  of 
excellence  or  originality  is  required  to  secure  eligibility. 

We  would  suggest  for  your  consideration  the  plan  of  awarding  the 
medals  annually  if  at  all  possible  to  the  first  and  second  best  papers  pre¬ 
sented  during  the  year  whether  they  are  in  the  strictest  sense  original 
contributions  to  engineering  science  or  not,  providing  they  have  been 
helpful  to  the  Society  and  have  shown  ability  on  the  part  of  the  authors. 

We  believe  the  regular  use  of  this  award  will  be  of  very  great  use 
to  the  Society  and  would  respectfully  suggest  that  the  subject  be  given 
careful  attention. 

Respectfully  submitted, 

A.  Stucki, 

Fred  Crabtree, 

A  L.  Hoerr,  Chairman, 

Committee  on  Medal  Award. 


February  1,  1915. 

The  recommendations  for  award  of  medals  made  by  the  Committee 
were  approved  and  the  Secretary  authorized  to  have  the  medals  prepared, 
the  dies  being  kept  in  the  vaults  of  Heeren  Bros.  Co. 

The  Medal  Award  Committee  in  presenting  their  report  recommended 
that  the  rules  governing  the  Award  of  Medals  for  papers  read  before  the 
Society  be  revised  in  certain  particulars  and  after  discussion  the  President 
was  authorized  to  appoint  a  committee  to  make  this  revision.  Thereupon, 
he  appointed  the  Medal  Award  Committee  for  1915  to  prepare  such  re¬ 
visions  and  present  them  to  the  Board  at  a  subsequent  meeting. 
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The  Secretary  read  a  letter  from  the  Chairman  of  the  Committee 
on  Management  of  the  International  Engineering  Congress  to  be  held  in 
San  Francisco  September  20th  to  25th,  1915,  inviting  this  Society  to  ap¬ 
point  delegates  to  the  Congress.  After  discussion,  the  President  was 
authorized  to  appoint  delegates,  it  being  understood  that  he  should  act  as 
Chairman  of  the  delegates  to  the  Congress. 

The  President  announced  the  following  appointments  as  chairmen 
tor  the  ensuing  year  : 

Finance  Committee :  W.  E.  Snyder 
Entertainment  Committee :  George  H.  Neilson 
Publication  Committee :  Frederick  Crabtree 
House  Committee :  E.  H.  Haslam 
Membership  Committee :  Samuel  E.  Duff 

The  following  appointments  on  Committee  on  Engineering  Education 
were  also  announced  : 

Chairman,  F.  N.  Speller. 

Vice  Chairman,  William  Hoopes. 

Mechanical  Engineering ,  J.  L.  Klindworth,  Sumner  B.  Ely. 

Structural  Engineering ,  Paul  L.  Wolfel,  E.  R.  St.  John. 

Electrical  Engineering ,  S.  M.  Kintner,  William  Hoopes. 

Metallurgy,  F.  N.  Speller,  H.  P.  Tiemann. 

Hydraulic  and  Sanitary  Engineering,  John  X.  Chester,  B.  F.  Groat. 

The  following  men  were  appointed  to  serve  as  Judges  in  the  Com¬ 
petition  in  Engineering  Problems  conducted  by  the  Society  for  the  ensuing 
year : 

Mechanical  Engineering,  Richard  Hirsch,  O.  P.  Hood. 

Structural  Engineering,  L.  F.  W.  Hildner,  Herman  Laub. 

Electrical  Engineering ,  W.  Edgar  Reed,  R.  A.  L.  Snyder. 

Metallurgy,  John  S.  Unger,  C.  F.  W.  Rys. 

The  meeting  adjourned  at  10:30  P.  M. 


Ei.mer  K.  Hii.es,  Secretary. 
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REGULAR  MONTHLY  MEETING 


The  343rd  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  Rooms,  Oliver  Building, 
Tuesday  evening,  March  16,  1915,  a*  8:15  P.  M.,  President  A.  Stucki  pre¬ 
siding.  1 14  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  February  16th  were 
read  and  approved. 

The  Board  of  Direction  reported  the  election  of  eight  applicants  for 
membership  to  the  grade  of  Member  and  the  receipt  of  three  applications 
for  membership. 

At  a  special  meeting  of  the  Board  of  Direction,  held  just  prior  to 
the  meeting  a  resolution  was  passed  to  recommend  to  the  Society  that 
steps  be  taken  to  prevent  the  passage  of  Senate  Bill  No.  53  in  the  State 
Legislature  relating  to  the  repair,  building  or  rebuilding  of  county  bridges 
in  view  of  the  following  report  presented  by  a  special  committee  ap¬ 
pointed  to  examine  into  the  provisions  of  this  bill. 

“Resolved  :  That  the  following  letter  be  sent  to  the  Governor  of 
Pennsylvania,  the  Chairman  of  the  Committee  on  Public  Roads  and  High¬ 
ways,  and  to  each  of  the  Senators  and  Representatives  from  Pittsburgh 
and  vicinity. 

“The  Engineers’  Society  of  Western  Pennsylvania  strongly  protests 
against  the  enactment  of  Senate  Bill  No.  53,  entitled  ‘An  Act  to  amend 
Section  1  of  an  act  approved  the  twenty-fourth  day  of  July,  1913,  en¬ 
titled  “An  Act  making  it  unlawful  for  the  Commissioners  of  any  County 
in  this  Commonwealth  to  contract  to  repair,  build  or  rebuild  any  county 
bridges  without  due  advertisement  for  sealed  proposals,  excepting  con¬ 
tracts  not  amounting  to  two  hundred  fifty  dollars,”  ’  for  the  reason  that 
such  a  law  is  unnecessary,  vicious  and  opposed  to  the  best  interests  of 
the  public. 

“Senate  Bill  No.  53  is  unnecessary  because  laws  now  in  force  give 
County  Commissioners  ample  power  to  build  county  bridges  under  proper 
technical  supervision  and  subject  to  adequate  competition. 

“This  bill  is  vicious  because  it  requires  the  Commissioners  to  accept 
the  lowest  bid  on  any  design  submitted  without  permitting  them  to  reject 
a  design  which  may  be  found  by  independent,  competent,  technical 
authority  to  be  inadequate  for  the  safety  and  convenience  of  the  public. 

“Such  a  law  would  be  opposed  to  the  best  interests  of  the  public 
on  account  of  the  danger  involved  in  using  structures  constructed  under 


20  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA. 

unlimited  competition  according  to  plans  for  which  there  may  be  no 
competent  engineering  supervision  or  responsibility,  and  for  the  further 
reason  that  great  financial  loss  may  result  by  the  use  of  such  careless 
methods  in  expenditure  of  public  funds. 

“We  respectfully  ask  you  to  carefully  examine  Senate  Bill  No.  53 
so  as  to  become  familiar  with  the  vicious  effect  of  the  changes  in  existing 
laws  therein  proposed,  for  we  are  certain  that  you  will  then  oppose  the 
enactment  of  this  law. 

“A  Special  Committee  of  the  Engineers’  Society  of  Western  Penn¬ 
sylvania  thoroughly  examined  this  matter  and  unanimously  reported 
against  the  bill.  This  letter  is  sent  you  by  direction  of  a  resolution  passed 
at  the  regular  monthly  meeting  of  the  Society,  March  16,  1915.” 

The  above  resolution  was  read  by  the  Secretary  and  upon  motion 
to  adopt,  which  was  seconded,  the  resolution  was  passed  unanimously. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening,  on  “The  Relation  of  Educational  Training  to  the  Practice  of 
Engineering,”  was  read  by  Prof.  William  H.  Burr,  Professor  of  Civil 
Engineering,  Columbia  University. 

Discussion  by  correspondence  was  received  from  Dr.  George  F. 
Swain,  Professor  Civil  Engineering,  Harvard  University;  Elton  D. 
Walker,  Acting  Dean,  College  of  Engineering,  Pennsylvania  State  College; 
and  Prof.  R.  P.  Davis,  University  of  West  Virginia,  was  read  by  the 
Secretary. 

The  ensuing  discussion  was  participated  in  by  Samuel  E.  Duff,  Con¬ 
sulting  Engineer,  Pittsburgh;  Dr.  S.  B.  McCormick,  Chancellor,  Univer¬ 
sity  of  Pittsburgh;  Dr.  John  A.  Brashear,  Pittsburgh;  George  M.  Dexter, 
U.  S.  Engineer  Office,  Wheeling,  W.  Va. ;  John  B.  Leete,  Dean,  School 
of  Applied  Science,  Carnegie  Institute  of  Technology";  H.  D.  James, 
Assistant  Manager  Engineering,  Westinghouse  Electric  &  Manufacturing 
Company,  East  Pittsburgh;  Prof.  Horace  R.  Thayer,  Carnegie  Institute 
of  Technology,  Pittsburgh;  and  Prof.  W.  H.  Burr. 

Mr.  Richard  Hirsch  moved  that  a  vote  of  thanks  be  extended  to 
Prof.  Burr  for  his  very  able  and  interesting  paper,  and  upon  its  being 
seconded,  was  passed  unanimously. 

The  meeting  adjourned  at  11:00  P.  M. 


Elmer  K.  HilEs,  Secretary. 
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STRUCTURAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
Rooms,  Oliver  Building,  Tuesday,  March  2nd,  at  8:15  P.  M.,  \  ice  Chair¬ 
man  Horace  R.  Thayer  presiding,  137  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting,  held  January  5th,  were 
read  and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening,  on  “The  Protection  of  Metal  Structures,”  was  presented  by 
Frederic  H.  Fay,  Consulting  Engineer,  Boston,  Mass. 

Discussion  by  correspondence  was  read  from  the  following  gentle¬ 
men:  Robert  A.  Cummings,  Consulting  Engineer,  Pittsburgh;  Dr. 

Allerton  S.  Cushman,  Director,  The  Institute  of  Industrial  Research, 
Washington,  D.  C;  Dr.  John  S.  Unger,  Manager,  Central  Research  Lab¬ 
oratory,  Carnegie  Steel  Company,  Duquesne,  Pa. 

The  ensuing  discussion  was  participated  in  by  John  Miller,  Assistant 
Engineer,  Pennsylvania  Lines  West,  Pittsburgh;  Dr.  A.  H.  Sabin,  Chemi¬ 
cal  Engineer,  National  Lead  &  Oil  Company,  Brooklyn,  X.  \  .;  F.  X. 
Speller,  Metallurgical  Engineer,  National  Tube  Company.  Pittsburgh: 
M.  E.  McDonnell,  Assistant  Chemist,  Pennsylvania  Railroad,  Altoona,  Pa. ; 
J.  G.  Chalfant,  County  Engineer,  Allegheny  County  Court  House,  Pitts¬ 
burgh  ;  Prof.  H.  R.  Thayer,  Assistant  Professor  Structural  Design,  Car¬ 
negie  Institute  of  Technology,  Pittsburgh;  J.  S.  Martin,  Structural 
Engineer,  Pittsburgh  Railways  Company,  Pittsburgh  ;  V.  R.  Coveil,  Deputy 
County  Engineer,  Allegheny  County  Court  House,  Pittsburgh  ;  Kenneth  H. 
Talbot,  Assistant  Inspecting  Engineer,  Universal  Portland  Cement  Com¬ 
pany,  Pittsburgh;  John  A.  Ferguson,  Chief  Engineer,  Bureau  of  Building 
Inspection,  Department  of  Public  Safety,  City  of  Pittsburgh;  and  the 
author. 

The  meeting  adjourned  at  10:40  P.  M. 

Elmer  K.  Hiles,  Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
Rooms,  Oliver  Building,  Pittsburgh,  Monday,  March  1,  1915,  at  4:10  P.  M., 
Vice  President  Samuel  E.  Duff  presiding,  Messrs.  Hoopes,  Hoerr,  Snyder, 
Taylor,  Neilson  and  the  Secretary  being  present. 
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The  minutes  of  the  last  regular  meeting,  held  February  1st,  1915, 
were  read  and  approved. 

Applications  of  the  following  gentlemen  having  been  published  to 
the  Society  pursuant  to  the  action  of  the  Board  on  February  1st,  were 
duly  elected  to  membership : 


members 


Backlin,  Axel  F. 
Degener,  Paul  A. 
Hultquist,  Victor  J. 
Maclean,  Malcolm  R. 


Price,  P.  W. 

Stearns,  Earl  D. 
Thompson,  Arthur  W. 
Wikander,  Oscar  A.  R. 


Applications  for  membership  were  received  from  the  following  gen¬ 
tlemen  and  their  names  ordered  published  to  the  Society.  Assignment  to 
the  various  grades  of  membership  is  as  follows : 


MEMBER 

Dornbush,  Charles  C.  Steifel,  R.  C. 

ASSOCIATE 
Sinclair,  D.  J. 

The  Secretary  announced  the  death  of  Mr.  R.  W.  Newton,  who 
died  at  Rochester,  N.  Y.,  August  30th,  1914. 

The  report  of  the  Secretary  showing  the  condition  of  finances  of 
the  Society  at  the  close  of  business  January  31,  1915,  having  been  pre¬ 
viously  audited  by  the  Finance  Committee,  was  approved. 

Progress  reports  were  presented  by  the  Chairmen  of  the  Entertain¬ 
ment,  House,  Finance  and  Membership  Committees. 

The  Secretary  read  a  letter  from  N.  S.  Sprague,  Superintendent, 
Bureau  of  Engineering,  Department  of  Public  Works,  forwarding  a 
copy  of  Senate  Bill  No.  53  introduced  in  the  State  Legislature,  advising 
that  he  considered  this  bill  proposed  the  enactment  of  pernicious  legis¬ 
lation ;  bringing  the  matter  before  the  Board  with  the  idea  that  it  be 
proper  for  the  Engineers’  Society  of  Western  Pennsylvania  to  take  action 
in  condemning  this  bill  as  affecting  the  professional  standing  and  best 
interests  of  engineers. 

After  discussion,  a  special  committee  was  appointed  to  examine  into 
this  matter  and  report  to  the  Board  of  Direction  within  one  week.  The 
personnel  of  the  Committee  is  as  follows:  J.  G.  Chalfant,  Chairman;  N. 
S.  Sprague,  and  Samuel  E.  Duff. 

The  meeting  adjourned  at  5:40  P.  M. 
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A  special  meeting  of  the  Board  of  Direction  of  the  Engineers 
Society  of  Western  Pennsylvania  was  held  in  the  Society  Rooms,  Oliver 
Building,  on  Tuesday  evening,  March  16th,  at  7:4^  P.  M.,  President  . 
Stucki  presiding,  Messrs.  Duff,  Neilson,  Frost,  Snyder  and  the  Secretary 

being  present. 

This  meeting  was  called  to  consider  the  following  report  of  a  Special 
Committee  composed  of  J.  G.  Chalfant,  Chairman;  N.  S.  Sprague,  and 
Samuel  E.  Duff,  appointed  at  the  last  meeting  of  the  Board  to  report  on 
Senate  Bill  No.  53  recently  introduced  in  the  State  Legislature : 

Pittsburgh,  Pa.,  March  8,  1915. 


The  Board  of  Direction, 

Engineers’  Society  of  Western  Pennsylvania. 

Gentlemen  : 

Your  Committee  appointed  to  report  on  Senate  Bill  No.  53  m  the 
State  Legislature,  relating  to  the  duties  of  County  Commissioners  in 
regard  to  the  repair,  building  and  rebuilding  of  county  bridges,  submit 

the  following  report: 

The  bill  should  be  killed  in  committee  for  the  following  reasons : 

First.  It  is  unnecessary,  because  the  County  Commissioners  now 
have  the  power  to  employ  competent  engineering  service  in  the  con- 
struction  of  bridges. 

Second.  It  is  impracticable  for  the  reason  that  no  means  are  pro¬ 
vided  by  which  the  Commissioners  must  furnish  complete  preliminary 
specifications  and  data.  The  requirement  of  a  “survey  and  profile  of 
location  and  a  plan  and  specifications  of  the  proposed  work,  setting  tort  l 
the  required  loading  and  water  discharge  capacity  of  the  bridge  being 
entirely  inadequate  and  unsatisfactory  from  an  engineering  standpoint. 
No  provision  for  engineering  judgment  as  to  material  required  to  reduce 
maintenance  expenses  and  renewals,  or  to  insure  the  safety  ot  the 
structure. 

Third.  The  bill  is  vicious  in  that  it  requires  the  County  Commis¬ 
sioners  to  let  the  contract  to  the  lowest  responsible  bidder  upon  any  design 
submitted,  without  regard  to  unit  stresses,  or  whether  the  design  com¬ 
plies  with  recognized  standards  of  good  engineering  practice. 

Fourth.  The  bill  is  opposed  to  the  best  interests  of  the  Engineering 
Profession,  in  that  it  does  not  impose  continuous  engineering  supervision 
from  the  preparation  of  the  plans  to  the  completion  of  the  structure  and 
tends  towards  a  division  of  responsibility.  The  engineer  responsible  for 
the  design  would  frequently  not  appear  in  the  matter  at  all,  the  design 
simply  being  submitted  by  a  contractor  with  his  estimate  of  cost. 
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Your  Committee  would  recommend  that  the  Board  communicate 
with  the  Chairman  of  the  Committee  on  Public  Roads  and  Highways  and 
the  various  members  of  the  House  and  Senate  from  this  community,  for 
the  purpose  of  preventing  the  passage  of  this  Act. 

Respectfully  submitted, 

J.  G.  Chalfant, 

N.  S.  Sprague, 
Samuel  E.  Duff. 

After  consideration,  it  was  agreed  to  recommend  to  the  Society  that 
steps  be  taken  to  prevent  the  passage  of  this  bill,  the  provisions  of  which 
are  considered  pernicious. 

The  meeting  adjourned  at  8:00  P.  M. 


Elmer  K.  HilES,  Secretary. 
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REGULAR  MONTHLY  MEETING 


The  343rd  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  Rooms,  Oliver  Building 
Tuesday,  April  20th,  at  8:15  P.  M.,  President  A.  Stucki  presiding,  121 
members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  March  16th  were  read 
and  approved. 

The  Board  of  Direction  reported  the  election  of  two  applicants  to 
the  grade  of  Member  and  one  to  the  grade  of  Associate;  the  reinstatement 
of  two  former  members  to  membership  in  the  Society;  and  the  transter  to 
higher  grade  of  two  members  of  the  Society;  also  the  receipt  or  ten 
applications  for  membership. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  the  “Proposed  Lake  Erie  &  Ohio  River  Canal’  was  rea<j_by 
G.  F.  Stickney,  Consulting  Engineer  in  charge  of  the  Lake  Erie  &  Ohio 

River  Canal  Board. 

Discussion  by  correspondence  was  presented  by:  Samuel  E.  Duff, 
Consulting  Engineer,  Pittsburgh,  and  George  M.  Lehman,  Chief  Engi¬ 
neer,  Lake  Erie  &  Ohio  River  Canal  Board. 

Further  discussion  was  participated  in  by:  Thomas  P.  Roberts,  L . 
S.  Engineer  Office,  Pittsburgh;  Gregory  M.  Dexter,  U.  S.  Engineer  Office, 
Wheeling,  W.  Va. ;  James  P.  Leaf,  Borough  Engineer,  Rochester,  Pa.; 
Hon.  William  A  Magee,  President,  Lake  Erie  &  Ohio  River  Canal  Board; 

and  G.  F.  Stickney.  The  meeting  adjourned  at  10:50  P.  M. 

Elmer  K.  Hiles,  Secretary. 


MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Tuesday  evening,  April  6th,  at  8:15 
P.  M.,  Chairman  John  A.  McCulloch  presiding,  115  members  and  visitors 

being  present. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening,  on  “The  Electric  Furnace  for  Reheating,  Heat  Treating  and 
Annealing,”  was  presented  by  T.  F.  Baily,  President,  Electric  Furnace 
Company  of  America,  Alliance,  O. 
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Discussion  by  correspondence  from:  C.  G.  Schluederberg,  Engineer, 
Westinghouse  Electric  and  Manufacturing  Company,  East  Pittsburgh,  and 
Dr.  Joseph  W.  Richards,  Professor  of  Metallurgy,  Lehigh  University, 
South  Bethlehem,  was  read  by  the  Secretary. 

Further  discussion  was  participated  in  by  William  Hoopes,  Electrical 
Engineer,  Aluminum  Company  of  America;  A.  Stucki,  Consulting  Engi¬ 
neer,  Oliver  Building;  E.  D.  Leland,  Superintendent,  Compressing  Sta¬ 
tions,  Philadelphia  Company;  S.  L.  Goodale,  Professor  of  Metallurgy, 
University  of  Pittsburgh;  T.  S.  Perkins,  Engineer,  Westinghouse  Elec¬ 
tric  and  Manufacturing  Company;  Frank  Thornton,  Jr.,  Engineer,  West¬ 
inghouse  Electric  and  Manufacturing  Company;  T.  D.  Lynch,  Research 
Engineer,  Westinghouse  Electric  and  Manufacturing  Company;  and  the 
author,  T.  F.  Baily. 

The  meeting  adourned  at  9:55  P.  M. 

Elmer  K.  HilES,  Secretary. 


METALLURGICAL  AND  MINING  SECTION. 

The  regular  bi-monthly  meeting  of  the  Metallurgical  and  Mining 
Section  of  the  Engineers’  Society  of  Western  Pennsylvania  was  held  in 
the  Society  rooms,  Oliver  Building,  Pittsburgh,  Friday,  April  23rd,  1915, 
at  8:30  P.  M.,  Chairman  John  S.  Unger  presiding,  47  members  and  visitors 
being  present. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  report  of  the  Committee  on  By  Laws  was  read  by  Rob¬ 
ert  Linton,  Chairman : 

Pittsburgh,  Pa.,  April  21,  1915. 

To  the  Members  of  the  Metallurgical  and  Mining  Section ,  Engineers’ 
Society  of  Western  Pennsylvania. 

Dear  Sirs : 

Your  Committee  on  By  Laws  beg  to  present  the  following  report : 

BY-LAW S  OE  THE  METALLURGICAL  AND  MINING  SECTION  OE  THE  ENGINEERS' 

SOCIETY  OE  WESTERN  PENNSYLVANIA 

Article  i.  The  name  of  the  Section  shall  be  “The  Metallurgical  and 
Mining  Section  of  the  Engineers’  Society  of  Western  Pennsylvania.” 

Article  2.  The  object  of  this  Section  shall  be  the  advancement  of 
engineering,  special  studies  and  researches  in  the  fields  of  metallurgical 
and  mining  engineering,  the  reading  and  discussion  of  papers  and  topical 
discussions  of  subjects  relating  to  these  branches  of  engineering. 
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Article  3.  Members  in  all  grades  of  the  Engineers’  Society  of  West¬ 
ern  Pennsylvania  may  become  members  in  corresponding  grades  of  this 
Section  by  notifying  the  Secretary  of  the  Society. 

Article  4.  The  officers  of  the  Section  shall  be  a  Chairman,  a  Vice 
Chairman,  and  five  Directors,  who  shall  constitute  the  Executive  Com¬ 
mittee  of  the  Section.  They  shall  be  elected  at  the  annual  meeting  of  the 
Section,  and  shall  hold  office  for  one  year.  A  majority  of  the  votes  cast 
shall  be  necessary  to  elect.  The  Secretary  of  the  Society  shall  be  Secre¬ 
tary  of  the  Section.  The  Executive  Committee  shall  arrange  programs  for 
all  meetings  of  the  Section  in  conjunction  with  the  Publication  Committee 
of  the  Society  and  shall  attend  to  the  executive  business  of  the  Section. 

Article  5.  The  regular  meetings  for  presentation  and  discussion  of 
technical  subjects  shall  be  held  on  the  fourth  Tuesday  of  September,  No¬ 
vember,  January,  March  and  May. 

The  Annual  Meeting  shall  be  held  on  the  same  day  as  the  regular 
meeting  in  January. 

Special  meetings  may  be  called  by  the  Chairman  or  at  the  written 
request  of  five  members. 

Notices  of  special  meetings  shall  contain  a  statement  of  the  object 
for  which  the  meeting  is  called  and  no  subject  not  stated  in  the  notice 
shall  be  decided  at  any  special  meeting. 

Notice  of  special  meetings  shall  be  mailed  to  each  member  at  least 
two  days  in  advance  of  said  meeting. 

Ten  members  shall  constitute  a  quorum  at  all  meetings. 

The  following  order  of  business  shall  be  observed  at  the  Annual 
Meeting : 

1.  Reading  of  Minutes  of  last  Annual  Meeting. 

2.  Report  of  Secretary. 

3.  Annual  Report  of  the  Executive  Committee. 

4.  Reports  of  Special  Committees. 

5.  Election  and  announcement  of  election  officers. 

6.  Address  of  the  retiring  chairman. 

7.  Adjournment. 

The  following  order  of  business  shall  be  observed  at  regular 
meetings : 

1.  Reading  of  Minutes  of  last  regular  meeting  and  of  subsequent 
meetings. 

2.  Report  of  Executive  Committee. 

3.  Unfinished  business. 

4.  Reports  of  Committees. 
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5.  New  business. 

6.  Papers  and  discussions. 

7.  Adjournment. 

In  all  questions  arising  at  any  special  meeting  involving  parliamentary 
rules,  Roberts’  Rules  of  Order  shall  be  accepted  as  authority. 

Article  6.  Amendments  to  these  By-Laws  must  be  proposed  in  writing 
by  at  least  five  members  at  a  regular  meeting  and  adopted  by  a  two-thirds 
vote  of  the  members  present  at  a  subsequent  regular  meeting;  provided 
written  notice  of  such  amendment  be  sent  to  each  member  with  the  notice 
of  the  meeting. 

All  By-Laws  of  the  Section  shall  be  in  accordance  with  the  Charter 
and  By-Laws  of  the  Society. 

Respectfully  submitted, 

COMMITTEE  ON  BY-LAWS, 

Robert  Linton,  Chairman, 

S.  A.  Taylor, 

Elmer  K.  Hiles. 

Upon  motion  the  By-Laws  were  adopted  unanimously. 

The  following  report  of  the  Nominating  Committee  was  presented 
by  W.  M.  Judd : 

Pittsburgh,  April  22,  1915. 

To  the  Members  of  the  Metallurgical  and  Mining  Section,  Engineers’ 

Society  of  Western  Pennsylvania. 

Dear  Sirs : 

Your  Nominating  Committee  beg  to  offer  the  following  suggestions 
for  officers  of  the  Section  during  the  ensuing  year : 

W.  E.  Fohl,  Chairman. 

C.  F.  W.  Rys,  Vice  Chairman. 

E.  F.  Bradt  \ 

F.  G.  Clapp  / 

S.  B.  Flagg  Directors. 

Robert  Linton 

W.  O.  Snelling 

Respectfully  submitted, 

NOMINATING  COMMITTEE, 

S.  A.  Taylor,  Chairman, 
W.  M.  Judd, 

E.  J.  Taylor. 
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It  was  moved  and  seconded  that  the  nominations  be  closed  and  that 
the  Secretary  be  authorized  to  cast  a  ballot  of  the  Section  for  the  nomi¬ 
nees  as  offered  by  the  Nominating  Committee,  whereupon  they  were  de¬ 
clared  elected. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening,  on  “Oil  Concentration  of  Ores,”  was  presented  by  Howard  W. 
DuBois,  Consulting  Mining  Engineer,  Philadelphia. 

The  ensuing  discussion  was  participated  in  by:  C.  L.  Werrick,  Mr. 
Dobbs,  Mr.  Griswold,  Mr.  Cooper,  Mr.  Ray,  Mr.  Rebman,  and  the  author. 

The  meeting  adjourned  at  10:55  P.  M. 

Elmer  K.  HilES,  Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  1-ngi 
neers’  Society  of  Western  Pennsylvania  was  held  in  the  Society  rooms, 
Oliver  Building,  Monday,  April  5,  1915,  at  4:10  P.  M.,  President  A.  Stucki 
presiding,  Messrs.  Hoerr,  Hoopes,  Raymer,  Neilson,  Snyder,  Dutf,  Crab¬ 
tree  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  March  1st,  1915,  and  of 
the  special  meeting  held  March  16th  were  read  and  approx  ed. 

The  following  applications  having  been  published  to  the  Society,  pur¬ 
suant  to  the  action  of  the  Board  on  March  1st,  the  applicants  were  duly 
elected  to  membership : 

members 

Dornbush,  Charles  C.  Stie f el,  R.  C. 


associate 
Sinclair,  D.  J. 

Request  for  reinstatement  to  membership  in  the  Society  from  A.  E. 
Maccoun  was  presented  by  the  Secretary,  whereupon  the  Secretary  was 
requested  to  restore  Mr.  Maccoun’s  name  on  the  Society  roll>. 

An  application  for  transfer  to  higher  grade  was  presented  by  Joseph 
Edward  Fawell,  whereupon  he  was  transferred  to  the  grade  of  Member. 

The  Secretary  read  a  letter  from  Samuel  E.  Dutf,  suggei'ting  that 
George  R.  Folds,  who  was  elected  an  Associate  in  the  Society  in  1912, 
prior  to  the  change  in  By-Laws,  be  transferred  to  the  grade  of  Associate 
Member,  whereupon  the  Board  authorized  the  Secretary'  to  make  this 
transfer  on  the  Society  rolls. 
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Applications  for  membership  were  received  from  the  following  gen¬ 
tlemen  and  their  names  ordered  published  to  the  Society.  Assignment  to 
the  various  grades  of  membership  is  as  follows: 


members 


Atcherson,  Ralph  Willard  Homer 
Baker,  George  Milford 
Dexter,  Gregory  Mumford 


Donahoe,  Ellis  Edward 
Howarth,  Harry  Arthur  Stevens 
Millar,  Robert  J. 


ASSOCIATE  MEMBERS 


Bryce,  Richard  M. 

Youngman, 


Wilson,  James  W. 
Robert  H. 


JUNIOR 

Bell,  Harvey  William 

The  Secretary  announced  the  death  of  W.  A.  Wilson,  who  joined  the 
Society  January,  1896,  and  died  March  4,  1915. 

The  report  of  the  Secretary  showing  condition  of  the  finances  of  the 
Society  at  the  close  of  business  February  28,  1915,  having  been  previously 
audited  by  the  Finance  Committee,  were  approved. 

Written  reports  showing  the  progress  were  presented  by  the  Chair¬ 
men  of  the 

Entertainment  Committee  Finance  Committee 

Publication  Committee  House  Committee 

Membership  Committee 

whereupon  they  were  ordered  filed. 

The  Secretary  read  a  letter  from  J.  S.  Hiatt,  Private  Secretary  of 
Governor  Brumbaugh,  advising  that  our  letter  of  March  18th  protesting 
against  the  enactment  of  Senate  Bill  No.  53  was  received  and  would  receive 
the  careful  consideration  of  the  Governor. 

The  meeting  adjourned  at  5:30  P.  M. 


Elmer  K.  HilEs,  Secretary. 
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REGULAR  MONTHLY  MEETING 


The  344th  regular  meeting  of  the  Engineers’  Society  of  Western 
Pennsylvania  was  held  in  the  Society  Rooms,  Oliver  Bldg.,  I  uesday 
evening,  May  18th,  at  3:23  P.  M.,  President  A.  Stucki  presiding,  75  mem¬ 
bers  and  visitors  being  present. 

The  Minutes  of  the  last  regular  meeting,  held  April  20th,  were  read 
and  approved. 

The  Board  of  Direction  reported  the  election  of  six  applicants  to 
the  grade  of  Member,  three  to  the  grade  of  Associate  Member,  and  one 
to  the  grade  of  Junior;  also  the  receipt  of  four  applications  for  member¬ 
ship. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “The  Effect  of  the  War  on  American  Chemical  Industries” 
was  read  by  Dr.  J.  H.  James,  Professor  of  Chemical  Engineering,  Car¬ 
negie  Institute  of  Technology. 

Discussion  by  correspondence  was  presented  by  James  O.  Handy, 
Director  of  Research,  Pittsburgh  Testing  Laboratory;  and  Horace  C. 
Porter,  Chemist,  U.  S.  Bureau  of  Mines,  Pittsburgh. 

Further  discussion  was  participated  in  by  Dr.  F.  T.  Aschman,  305 
Seventh  Ave.,  Pittsburgh ;  Dr.  C.  H.  Viol,  Chief  Chemist,  Standard 
Chemical  Co.;  Mr.  H.  P.  Darlington,  Chemist,  Pennsylvania  Salt  Mfg. 
Co.,  Natrona,  Pa.;  Dr.  Francis  C.  Phillips,  Professor  of  Chemistry,  Uni¬ 
versity  of  Pittsburgh;  Dr.  K.  F.  Stahl,  Cons.  Chemist,  57th  and  A.  \. 
R.  R. ;  Prof.  Frederic  Crabtree,  Professor  of  Metallurgy,  Carnegie  In¬ 
stitute  of  Technology;  Dr.  Walter  O.  Snelling,  Research  Chemist;  and 
the  author. 

The  meeting  adjourned  at  10:25  P.  M. 

Elmer  K.  Hiles,  Secretary. 


STRUCTURAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the 
Engineers’  Society  of  W'estern  Pennsylvania  was  held  in  the  Society 
Rooms,  Oliver  Bldg.,  Tuesday,  May  4th,  at  8:22  P.  M.,  Vice-Chairman 
H.  R.  Thayer  presiding,  47  members  and  visitors  being  present. 

The  Minutes  of  the  last  regular  meeting,  held  March  2d,  were  read 
and  approved. 
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No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  “Local  Sands  and  Gravels  as  Aggregates  in  Concrete”  was 
presented  by  Prof.  Frank  M.  McCullough,  Asst.  Professor  of  Materials, 
Carnegie  Institute  of  Technology. 

The  ensuing  discussion  was  participated  in  by  Harry  J.  Lewis,  Con¬ 
sulting  Engineer,  Pittsburgh ;  Edward  Godfrey,  Struct.  Engr.,  Robert 
W.  Hunt  Co.;  Earle  V.  Braden,  Engr.,  P.  C.  &  Y.  R.  R. ;  John  A.  Fer¬ 
guson,  Chf.  Engr.,  Bureau  of  Building  Inspection,  City  of  Pittsburgh; 
T.  J.  Wilkerson,  Div.  Engr.  of  Bridges,  Bureau  of  Engineering,  City  of 
Pittsburgh;  W.  M.  Judd,  W.  G.  Wilkins  Co.;  Horace  R.  Thayer,  Asst. 
Prof.  Structural  Design,  Carnegie  Institute  of  Technology;  W.  A.  Bliss, 
Keystone  Sand  &  Supply  Co. ;  and  the  author. 

The  meeting  adjourned  at  10:40  P.  M. 

Elmer  K.  HilES,  Secretary. 


METALLURGICAL  &  MINING  SECTION 

The  regular  bi-monthly  meeting  of  the  Metallurgical  &  Mining  Sec¬ 
tion  of  the  Engineers’  Society  of  Western  Pennsylvania,  was  held  in  the 
Society  Rooms,  Oliver  Bldg.,  Pittsburgh,  Tuesday,  May  25,  1915,  at  8:21 
P.  M.,  Chairman  W.  E.  Fohl  presiding,  45  members  and  visitors  being- 
present. 

The  Minutes  of  the  last  regular  meeting  were  read  and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  “The  Thermal  Efficiency  of  the  Electric  Furnace”  was  read 
by  Woolsey  McA.  Johnson,  Consulting  Metallurgical  Engineer,  New  York 
City. 

The  ensuing  discussion  was  participated  in  by  W.  E.  Fohl,  Mining 
Engr.,  Pittsburgh ;  Robert  Linton,  Mining  Engr.,  Pittsburgh ;  Samuel  E. 
Duff,  Cons.  Engr.,  Empire  Bldg.,  Pittsburgh ;  Elmer  K.  Hiles,  Secy. 
Engineers’  Society  of  W.  Pa. ;  A.  Stucki,  Cons.  Engr.,  Oliver  Bldg., 
Pittsburgh ;  and  the  author. 

The  meeting  adjourned  at  9:55  P.  M. 

Eemer  K.  Hiles,  Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engi¬ 
neers’  Society  of  Western  Pennsylvania  was  held  in  the  Society  Rooms, 
Oliver  Bldg.,  Monday,  May  3d,  1915,  at  4:15  P.  M.,  President  A.  Stucki 
presiding,  Merrs.  Hoerr,  Hoopes,  Snyder,  Raymer,  Duff,  Frost,  Taylor, 
Crabtree  and  the  Secretary  being  present. 
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The  Minutes  of  the  last  regular  meeting,  held  April  5th,  were  read 
and  approved. 

The  applications  of  the  following  gentlemen  having  been  published 
to  the  Society,  pursuant  to  the  action  of  the  Board  on  April  5th,  they 
were  duly  elected  to  membership. 

MEMBERS 

Atcherson,  Ralph  Willard  Homer  Donahue,  Ellis  Edward 

Baker,  George  Milford  Howarth,  Harry  Arthur  Stevens 

Dexter,  Gregory  Mumford  Millar,  Robert  J. 

ASSOCIATE  MEMBER 

Bryce,  Richard  M.  Wilson,  James  W. 

Youngman,  Robert  H. 

JUNIOR 

Bell,  Harvey  William 

Applications  for  membership  were  received  from  the  following  gen¬ 
tlemen  and  their  names  ordered  published  to  the  Society.  Assignment 
to  the  various  grades  of  membership  is  as  follows  : 

MEMBER 

Auld,  Elgie  C.  Hower,  Harry  S. 

Weber,  Bernis  B. 

JUNIOR 

Duckworth,  William  E. 

The  report  of  the  Secretary  showing  the  condition  of  the  finances  of 
the  Society  at  the  close  of  business  March  31,  1915,  having  been  pre¬ 
viously  audited  by  the  Finance  Committee  was  approved. 

Written  progress  reports  were  presented  by  the  Chairmen  of  the 
Membership  Committee  and  Entertainment  Committee,  whereupon  they 
were  ordered  filed. 

A  verbal  progress  report  was  presented  by  Frederic  Crabtree,  Chair¬ 
man  of  the  Publication  Committee,  and  the  Secretary  presented  a  verbal 
report  on  behalf  of  the  House  Committee. 

A  written  report  was  presented  by  William  E.  Snyder,  Chairman 
of  the  Finance  Committee,  reporting  on  the  bonds  held  by  the  Society 
and  recommending  the  purchase  of  six  additional  bonds.  After  discus¬ 
sion,  this  report  was  approved,  adopted  and  ordered  entered  as  a  part 
of  the  Minutes  of  the  Board. 
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The  Finance  Committee  were  authorized  to  purchase  the  six  bonds 
recommended  by  the  Committee  and  a  vote  of  thanks  was  extended  to 
the  Committee  for  their  careful  pains-taking  work  in  connection  with 
this  report. 

The  meeting  adjourned  at  5:30  P.  M. 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engi¬ 
neers’  Society  of  Western  Pennsylvania  was  held  in  the  Society  Rooms, 
Oliver  Bldg.,  Friday,  May  28th,  1915,  at  4:05  P.  M.,  President  A.  Stucki 
presiding,  Messrs.  Hoerr,  Hoopes,  Raymer,  Neilson,  Duff,  Haslam  and 
the  Secretary  being  present. 

The  Minutes  of  the  last  regular  monthly  meeting  were  read  and 
approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on  May  3d, 
they  were  duly  elected  to  membership. 

members 

Auld,  Elgie  C.  Hower,  Harry  S. 

Weber,  Bernis  B. 

JUNIOR 

Duckworth,  William  E. 

Applications  for  membership  were  reecived  from  the  following  gen¬ 
tlemen  and  their  names  ordered  published  to  the  Society.  Assignment 
to  the  various  grades  of  membership  is  as  follows : 

MEMBERS 

Gebhart,  Frank  Edwin  Good,  Paul  Eckert 

Klugh,  Bethune  Glass 

ASSOCIATE  MEMBER 

Boyd,  David  Fair 

JUNIOR 

Allderdice,  Norman  Heisley,  Frederick  William 

The  report  of  the  Secretary  showing  the  condition  of  the  finances 
of  the  Society  at  the  close  of  business,  April  30,  1915,  having  been  pre¬ 
viously  audited  by  the  Finance  Committee  was  approved. 

Written  progress  reports  were  presented  by  the  Chairmen  of  the 
Entertainment  and  Membership  Committees ;  also  by  L.  P.  Blum,  Chair¬ 
man  of  the  Committee  on  100  Ft.  Standard. 
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It  was  agreed  that  S.  H.  Stupakoff  should  be  appointed  as  a  member 
of  the  Committee  on  ioo  Ft.  Standard. 

The  report  jf  Committee  on  ioo  Ft.  Standard  is  as  follows: 

To  the  President  and  Board  of  Direction, 

Engineers’  Society  of  Western  Penna. 

Gentlemen  : 

As  Chairman  of  your  Committee  appointed  in  October  last  to  in¬ 
vestigate  the  possibility  of  having  placed  in  the  new  City  and  County 
Building,  a  One  Hundred  Foot  Standard  for  the  comparison  of  tapes, 

I  would  make  the  following  report : 

The  idea  of  such  a  Standard  was  received  with  great  favor  by 
Director  of  Public  Works  Swan  and  by  County  Engineer  Chal f ant.  and 
they  gave  directions  to  the  Architect  of  the  new  City-County  Building 
to  incorporate  in  the  basement  plan  of  said  structure,  a  room  suitable  in 
size  and  other  conditions  for  such  installation.  Plans  for  such  a  room 
have  been  prepared  after  consultation,  by  Mr.  Rousch,  City  Architect, 
with  members  of  your  Committee. 

Your  Committee  have  been  in  constant  consultation  with  Director 
Stratton  of  the  Bureau  of  Standards  at  Washington  and  have  received 
valuable  suggestions  regarding  this  proposed  installation.  Mr.  Hiles, 
our  Secretary,  during  a  recent  visit  to  Chicago,  made  a  careful  inspection 
of  the  Chicago  installation  and  suggested  certain  improvements  over 
same.  Mr.  S.  H.  Stupakoff,  a  member  of  the  Society,  has  been  called  in 
consultation  by  your  Committee  with  reference  to  some  details  and  while 
all  details  have  not  been  completed  at  the  present  time,  the  Committee 
feel  that  substantial  progress  has  been  made. 

Wre  understand  that  construction  of  the  City-County  Building  will 
begin  shortly  and  we  shall  keep  in  touch  with  the  work  in  order  that  our 
installation  may  progress  in  connection  with  the  progress  of  the  building. 

Yours  very  truly, 

Louis  P.  Blum,  Chairman. 

The  Entertainment  Committee  was  requested  to  change  the  date 
of  the  Inspection  Trip  to  the  Pennsylvania  Rubber  Co.  at  Jeannette,  Pa., 
from  June  19th  to  June  26th. 

Mr.  A.  L.  Hoerr  presented  a  verbal  report  for  the  hinance  Commit¬ 
tee  announcing  that  the  purchase  of  the  six  bonds  authorized  at  the  last 
meeting  of  the  Board  had  been  consummated,  and  further  that  these  six 
bonds  together  with  three  Jones  &  Laughlin  Steel  Co.  bonds  were  all 
registered  in  the  name  of  the  Society. 

Mr.  A.  L.  Hoerr  presented  the  following  report  for  the  Committee 
on  revision  of  rules  governing  Medal  Awards : 
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To  the  Board  of  Direction, 

Engineers’  Society  of  Western  Pennsylvania. 

Gentlemen  : 

Your  Committee  on  the  Revision  of  Rules  Governing  Medal  Awards 
beg  to  submit  the  following  report: 

Revised  Rules  Governing  the  Award  of  Medals 

% 

The  Board  of  Direction  on  May  11,  1907,  authorized  the  award  each 
year  of  two  medals,  gold  and  silver,  to  Members  of  the  Society,  under  the 
following  rules : 

1.  There  will  be  two  medals,  one  of  gold  and  the  other  of  silver. 

2.  The  awards  are  to  be  made  by  the  Board  of  Direction,  on  the 
recommendation  of  a  committee  of  three,  appointed  by  the  President, 
from  its  members. 

3.  The  medals  are  to  be  awarded  only  to  Members  of  the  Society 
in  good  standing.  Both  medals  shall  be  open  for  competition  to  all  grades 
of  membership.  No  person  shall  receive  both  medals  in  any  one  year. 

4.  The  medals  shall  be  awarded  to  the  authors  of  the  best  and 
second  best  papers  presented  during  the  year. 

The  value  of  the  papers  shall  be  judged  on  the  following  points: 

(a)  Value  to  engineering  profession; 

(b)  Originality  of  subject  matter; 

(c)  Treatment. 

5.  The  Board  of  Direction  may  refuse  to  grant  either  or  both 
medals  in  any  year  when  no  paper  deemed  worthy  of  award  is  presented. 

6.  Papers  presented  at  regular  meetings  of  the  Society,  or  its  Sec¬ 
tions,  and  which  are  printed  in  the  Proceedings,  only  are  eligible  for 
award. 

7.  The  medals  shall  be  presented  at  some  meeting  of  the  General 
Society,  subsequent  to  the  Annual  Meeting. 

8.  The  recipient’s  name  and  the  year  of  award  shall  be  engraved  on 
each  medal,  and  suitable  designation  of  Medalist  shall  be  made  annually 
in  the  published  List  of  Members  and  their  names  enrolled  on  a  roll  of 
honor  displayed  m  the  Society  House. 

Respectfully  submitted, 


A.  L.  Hoerr,  Chairman. 
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It  was  moved  and  carried  that  the  report  of  the  Committee  be 
adopted.  The  Secretary  was  requested  to  send  out  a  printed  sheet  con¬ 
taining  the  Revised  Rules  with  meeting  announcements  in  the  early  Fall 

The  Secretary  made  a  verbal  report  for  the  Committee  on  Engi¬ 
neering  Education  advising  that  the  problems  in  the  current  year’s  Com¬ 
petition  were  being  judged  at  this  time. 

It  was  moved  and  carried  that  the  Secretary  be  authorized  to  pre¬ 
pare  and  sent  out  certificates  of  award  in  accordance  with  the  findings 
of  the  judges  without  waiting  for  further  action  by  the  Board. 

The  meeting  adjourned  at  5:30  P.  M. 

Elmer  K.  Hiles,  Secretary. 
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REGULAR  MONTHLY  MEETING 


The  345th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  Rooms,  Oliver  Building, 
Tuesday  evening,  June  8th,  at  8:2:?  P.  M.,  \  ice  President  Dutt  presiding, 
40  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  May  18th  were  read 
and  approved. 

The  Board  of  Direction  reported  the  election  of  three  applicants  to 
the  grade  of  Member  and  one  to  the  grade  of  Junior;  also  the  receipt  of 
six  applications  for  membership. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “The  Influence  of  the  Cushing  Pool  in  the  Oil  Business,  b\ 
Prof.  Roswell  H.  Johnson,  Professor  Oil  and  Gas  Production,  C  niversity 
of  Pittsburgh,  and  L.  G.  Huntley,  of  Johnson  &  Huntley,  Consulting  Oil 
Geologists,  was  read  by  Prof.  Johnson. 

The  ensuing  discussion  was  participated  in  by:  Prof.  J.  H.  James, 
Professor  Chemical  Engineering,  Carnegie  Institute  of  Technology;  Prof. 
S.  L.  Goodale,  Professor  of  Metallurgy,  University  of  Pittsburgh ;  P.  W. 
Price,  Allegheny  County  Engineers’  Office,  Pittsburgh;  F.  G.  Clapp,  Petro¬ 
leum  and  Managing  Geologist,  The  Associated  Geological  Engineers, 
Pittsburgh;  C.  C.  Hiner,  East  Liberty  Y.  M.  C.  A.,  Pittsburgh;  Samuel 
E.  Duff,  Consulting  Engineer,  Pittsburgh;  L.  G.  Huntley,  Consulting  Oil 
Geologist  (Author),  Johnson  &  Huntley,  Pittsburgh,  and  Prof.  Johnson. 

On  motion  the  meeting  adjourned  at  10:50  P.  M. 

Elmer  K.  HilES,  Secretary. 


MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the 
Engineers’  Society  of  Western  Pennnsylvania  was  held  in  the  Society 
Rooms,  Oliver  Building,  Pittsburgh,  Tuesday,  June  1,  1915,  at  8:25  P.  M., 
Chairman  John  A.  McCulloch  presiding,  56  members  and  visitors  being 
present. 

The  minutes  of  the  last  meeting  held  April  6th  were  read  and  ap¬ 
proved. 
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No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  “Pipe  Couplings”  was  presented  by  R.  S.  Lord,  Vice  President 
Hope  Engineering  &  Supply  Co.,  Pittsburgh. 

The  ensuing  discussion  was  participated  in  by:  L.  C.  Frohrieb,  Sec¬ 
retary,  Federal  Engineering  Company,  Pittsburgh ;  M.  B.  Layton,  Assist¬ 
ant  Manager,  Manufacturers  Light  &  Heat  Company,  Pittsburgh;  D.  O. 
Holbrook,  Dayton  Pipe  Coupling  Company,  Pittsburgh ;  Chester  B.  Al- 
bree,  President  and  Chief  Engineer,  Chester  B.  Albree  Iron  Works ;  El¬ 
mer  K.  Hiles,  Secretary,  Engineers’  Society  of  Western  Pennsylvania;  J. 
Ablett,  Manager  Refining  Department,  Atlantic  Refining  Company;  F.  S. 
Austin,  Local  Manager,  Davis-Bournonville  Company;  W.  C.  Hawley, 
Chief  Engineer  and  General  Superintendent,  Pennsylvania  Water  Com¬ 
pany  ;  O.  A.  R.  Wikander,  Sales  Engineer,  Hall  Steam  Pump  Company ; 
Charles  D.  Terry,  Assistant  to  General  Superintendent,  National  Tube 
Company,  and  the  author. 

On  motion  the  meeting  adjourned  at  10:20  P.  M. 

Elmer  K.  Hiles,  Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
Rooms,  Oliver  Building,  Monday,  June  28th,  at  4:10  P.  M.,  Presiednt  A. 
Stucki  presiding,  Messrs.  Taylor,  Neilson,  Snyder,  Duff,  Raymer,  Hoerr 
and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  May  28th  were  read 
and  approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on  May  28th, 
they  were  duly  elected  to  membership : 

MEMBERS 

Gebhart,  Frank  Edwin  Good,  Paul  Eckert 

Klugh,  Bethune  Glass 
ASSOCIATE  MEMBER 
Boyd,  David  Fair 


Allderdice,  Norman 


JUNIORS 

Heisley,  Frederick  William 
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Applications  for  membership  were  received  from  the  following  gen¬ 
tlemen  and  their  names  ordered  published  to  the  Society.  Assignment  to 
the  various  g.ades  of  membership  is  as  follows: 


MEMBERS 


Barrett,  Walter  Eldridge 
Connell,  Jr.,  William  Henry 
Gillespie,  Jr.,  Thomas  James 
Harris,  Benjamin  Franklin 
Hockensmith,  Wilbur  Darwin 


Holveck,  Joseph  Emil 
Keers,  John  R. 

Layton,  Miles  Benton 
Snodwen,  Jr..  Francis  Laird 
Sullivan,  T.  O. 


ASSOCIATE  MEMBER 
Hunt,  Clinton  A. 

The  Secretary  announced  that  Mr.  F.  S.  Austin,  Resident  Manager 
of  the  Davis-Bournonville  Company,  desired  to  be  reinstated  to  member¬ 
ship  in  the  Society.  The  Secretary  was  requested  to  replace  Mr.  Austin’s 
name  on  the  Society  rolls. 

The  report  of  the  Secretary,  showing  conditions  of  the  finances  of 
the  Society  at  the  close  of  business  May  31st,  1915,  having  been  previously 
audited  by  the  Finance  Committee,  was  approved. 

A  written  progress  report  was  presented  by  George  H.  Neilson, 
Chairman  of  the  Entertainment  Committee,  in  which  a  recommendation 
was  made  that  an  inspection  trip  be  held  on  Saturday  afternoon,  July  ioth 
to  the  new  Logan-Gregg  Hardware  Company’s  building,  now  in  course  of 
construction  by  the  Jones  &  Laughlin  Steel  Company. 

A  written  progress  report  was  presented  by  Samuel  E.  Duff  reporting 
the  progress  made  by  the  Membership  Committee  in  obtaining  applica¬ 
tions  for  membership  to  the  Society. 

Mr.  George  H.  Neilson  suggested  that  officers  and  members  of  the 
Society  be  urged  to  wear  our  Society  emblem,  setting  forth  the  fact  that 
wearing  this  emblem  is  a  very  essential  means  of  keeping  the  Society 
before  non-members  in  the  district. 

The  Secretary  presented  a  letter  from  E.  J.  Martin,  City  Clerk,  ad¬ 
vising  of  a  bill  passed  by  the  City  Council,  extending  an  invitation  to  the 
Society  to  appoint  a  representative  on  a  Special  Committee  to  investigate 
and  study  matters  relating  to  a  building  code  for  the  City  of  Pittsburgh. 
After  discussion,  President  Stucki  was  requested  to  appoint  a  delegate 
representing  this  Society. 

The  Secretary  presented  a  letter  from  R.  A.  Cummings,  Chairman 
Soils  Committee  of  the  American  Society  of  Civil  Engineers,  requesting 
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that  the  Engineers’  Society  of  Western  Pennsylvania  appoint  a  committee 
to  prepare  a  map  of  the  city  and  vicinity  to  which  shall  be  referred  the 
record  and  experience  of  engineers  in  this  vicinity. 

After  discussion  President  Stucki  was  requested  to  appoint  such  a 
committee  to  co-operate  with  Mr.  Cummings’  general  committee. 

The  Secretary  presented  a  letter  from  W.  J.  Bryan,  Secretary  of 
State,  inviting  the  Society  to  participate,  by  appointment  of  one  or  more 
delegates,  in  the  Second  Pan-American  Scientific  Congress  to  be  held  in 
Washington,  D.  C.,  Dec.  27,  1915,  to  Jan.  8,  1916,  inclusive. 

After  discussion,  President  Stucki  was  authorized  to  appoint  several 
delegates  to  the  Congress  with  the  understanding  that  he,  President 
Stucki,  was  to  be  Chairman  of  the  delegation. 

The  meeting  adjourned  at  5:40  P.  M. 

Elmer  K.  HieES,  Secretary. 
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REGULAR  MONTHLY  MEETING 


The  346th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  Rooms.  Oliver  Build¬ 
ing.  Tuesday  evening.  September  21st,  at  8:30  P.  M.,  Vice  President 
Samuel  E.  Duff  presiding.  36  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  June  8th  were  read 
and  approved. 

The  Board  of  Direction  reported  the  election  of  ten  applicants  to 
the  grade  of  Member  and  one  to  the  grade  of  Associate;  and  the  re¬ 
ceipt  of  fourteen  applications  for  membership. 

The  Board  further  reported  steps  which  had  been  taken  to  interest 
the  Governor  of  the  Commonwealth  in  the  matter  of  the  appointment 
of  an  engineer  on  the  Public  Service  Commission. 

An  announcement  was  made  of  the  following  appointments  to  the 
Nominating  Committee,  who  are  to  nominate  officers  for  1916: 

A.  L.  Hoerr.  Chairman. 

Chester  B.  Albree, 

W.  C.  Hawley, 

O.  P.  Hood. 

George  H.  Neilson. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “Centrally  Controlled  Electric  Haulage  Systems”  was 
presented  by  F.  E.  Woodford,  President,  Woodford  Engineering  Co.. 
Chicago. 

Discussion  of  the  paper  was  presented  by:  Preston  K.  Yates, 
Cons.  Engr.,  New  York  City;  O.  P.  Chamberlain,  Y.  P..  Dolese  & 
Shepard  Co.,  Chicago,  Ill.;  H.  J.  Lewis.  Cons.  Engr.,  Pittsburgh; 
George  W.  Patnoe,  Gen.  Mgr.,  Holran  Stone  Co..  Maple  Grove,  O.; 
W.  R.  Casparis,  Asst,  to  President,  Casparis  Stone  Co..  Columbus,  O.; 
Frederic  Crabtree,  Professor,  Metallurgical  Engineering.  Carnegie  In¬ 
stitute  of  Technology;  Elmer  K.  Hiles,  Secretary.  Engineers’  Society 
of  Western  Penna.,  and  the  author. 

The  meeting  adjourned  at  10:20  P.  M. 


Elmer  K.  Hii.es,  Secretary. 
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STRUCTURAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
Rooms,  Oliver  Building,  Tuesday  evening,  September  7th,  at  8:20 
P.  M.,  Vice  Chairman  H.  R.  Thayer  presiding,  75  members  and  vis¬ 
itors  being  present. 

The  minutes  of  the  last  regular  meeting  held  May  4th  were  read 
and  approved. 

The  Secretary  read  the  following  Utter  from  Paul  L.  Wolfel, 
Chairman  of  the  Section: 

Sept.  4,  1915. 

Mr.  Elmer  K.  Hiles,  Secy., 

Engineers’  Society  of  W.  Penna., 

2511  Oliver  Bldg.,  City. 

My  dear  Mr.  Hiles: 

I  am  very  sorry  to  have  to  advise  you  that  I  will  not  be  able  to 
attend  next  week’s  meeting  of  the  Structural  Section,  as  I  have  to  be 
out  of  town  on  important  business. 

I  feel  that  I  have  not  been  able  to  fulfill  my  duties  in  the  Society 
in  connection  with  the  office  which  the  Society  has  honored  me  with, 
and  am  afraid  I  will  not  be  able  to  do  it  justice  in  the  future.  I  would, 
therefore,  respectfully  request  to  be  allowed  to  surrender  the  office. 

I  am  very  sorry  to  have  to  do  this,  as  I  greatly  appreciate  the 
honor  conferred  upon  me,  but  I  feel  it  is  only  just.  You  can  rest 
assured  that  I  have  taken  a  great  deal  of  interest  in  the  Society,  and 
hope  you  will  feel  free  to  call  upon  me  at  any  time  that  I  may  be  of 
service  either  to  the  Society  or  to  yourself. 

Yours  very  truly, 

(Signed)  Paul  L.  Wolfel. 

Mr.  Samuel  E.  Duff  and  Mr.  George  H.  Danforth  addressed  the 
meeting,  suggesting  that  even  though  Mr.  Wolfel  is  unable  to  attend 
the  meetings  it  was  not  necessary  for  him  to  resign  and,  in  order  that 
his  wise  counsel  as  Chairman  of  the  Section  might  be  retained  for  the 
benefit  of  the  Section,  it  was  moved  and  carried  unanimously  that  the 
resignation  be  laid  on  the  table. 

No  further  business  coming  before  the  Section,  the  papers  of  the 
evening  on  the  “Four-Track  Subway  Tunnel  Under  the  Harlem 
River,”  by  Olaf  Hoff,  Consulting  Engineer,  New  York,  and  “The  De¬ 
tails  and  Fabrication  of  the  Harlem  River  Tubes,”  by  Thomas  Duck¬ 
worth,  Engineer,  Brooklyn  Plant,  American  Bridge  Co.,  were  pre¬ 
sented  by  the  authors. 

Discussion  by  correspondence  was  presented  by:  Walton  I. 
Aims,  Cons.  Engr.,  New  York,  N.  Y.;  Sverre  Dahm,  Prin.  Asst.  Engr., 
Public  Service  Commission,  New  York  City;  Howard  B.  Gates,  Asst. 
Engr.,  Public  Service  Commission,  New  York  City. 
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The  ensuing  discussion  was  participated  in  by:  1  homas  I*.  Rob¬ 
erts.  U.  S.  Engineer  Office,  Pittsburgh;  A.  R.  Raymer,  Asst.  Chf. 
Engr.,  P.  &  L.  E.  R.  R.,  Pittsburgh;  R.  A.  Pendergrass,  Engr.,  Pitts¬ 
burgh  Plant,  McClintic-Marshall  Co.;  Samuel  1'..  Duff,  C  <^ns.  l.ngr., 
Pittsburgh;  Kenneth  Talbot,  Div.  Engr.,  Inspection  and  Information 
Bureau.  Universal  Portland  Cement  Co.,  Pittsburgh;  1  rot.  Horace  K. 
Thayer,  Asst.  Professor,  Structural  Engineering,  Carnegie  Institute  of 
Technology;  L.  F.  W.  Hildner,  Chf.  Engr.,  Pittsburgh  Bridge  &  Iron 
Co.,  Rochester,  Pa.;  Thomas  Duckworth  and  Olaf  Hoff,  the  authors. 

The  meeting  adjourned  at  11:00  P.  M. 

Elmer  K.  Hiles,  Secretary. 


METALLURGICAL  AND  MINING  SECTION 


The  regular  bi-monthly  meeting  of  the  Metallurgical  and  Mining 
Section  of  the  Engineers’  Society  of  Western  Pennsylvania  was  held 
in  the  Society  Rooms,  Oliver  Building,  Pittsburgh,  Tuesday,  Septem¬ 
ber  28th,  at  8:20  P.  M.,  Chairman  W.  E.  Fohl  presiding,  51  members 
and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 


No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  *‘The  Design  of  Bituminous  Mining  1  lants  was  read  bj 
Mr.  W.  A.  Wei  din,  Proposal  Engineer,  Pittsburgh  Coal  Washer  Co. 


Discussion  by  correspondence  was  presented  by:  E.  C.  Auld. 
Const.  Engr.,  H.  C.  Frick  Coke  Co.,  Scottdale,  Pa. 

The  ensuing  discussion  was  participated  in  by:  F.  Z.  Schellen- 
berg,  Cons.  Engr.,  Pittsburgh;  Harry  J.  Lewis,  Cons.  Engr.,  1  it t s- 
burg'h ;  W.  M.  Judd,  W.  G.  Wilkins  Co.,  Pittsburgh;  H.  B.  Meller, 
Professor  Mining  Engineering,  University  of  Pittsburgh;  Robert 
Linton,  Mining  Engr.,  Pittsburgh;  F.  A.  McDonald,  Chf.  Engr.,  Na¬ 
tional  Mining  Co.,  Pittsburgh;  A.  P.  Cameron,  Gen.  Supt.,  Penn  Gas 
Coal  Co.,  Irwin,  Pa.,  and  the  author. 


The  meeting  adjourned  at  10:35  P.  M. 

Elmer  K.  Hiles,  Secretary. 
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BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
Rooms,  Oliver  Building,  Friday,  September  3,  1915,  at  4:15  P.  M., 
President  Stucki  presiding,  Messrs.  Snyder,  Taylor,  Duff  and  the  Sec¬ 
retary  being  present. 

Messrs.  Frost,  Hoerr  and  Neilson  concurring. 

The  minutes  of  the  last  regular  meeting  held  June  28th  were  read 
and  approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on  June 
28th,  they  were  duly  elected  to  membership: 


members 


Barrett,  Walter  Aldridge 
Hockensmith,  Wilbur  Darwin 
Connell,  Jr.,  William  Henry 
Gillespie,  Jr.,  Thomas  James 
Harris.  Benjamin  Franklin 


Holveck,  Joseph  Emil 
Keers,  John  R. 

Layton,  Miles  Benton 
Snowden,  Jr.,  Francis  Laird 
Sullivan,  T.  O. 


ASSOCIATE  MEMBER 
Hunt,  Clinton  A. 

Applications  for  membership  were  received  from  the  following 
gentlemen  and  their  names  ordered  published  to  the  Society.  Assign¬ 
ment  to  the  various  grades  of  membership  is  as  follows: 


MEMBERS 


Comstock,  George  William 
Gordon,  Arthur  F. 

Herr,  Willard  Henry 
Kimmel,  Charles  Porter 

ASSOCIATE 


Lockwood,  Burns  Daniel 
McFeatters,  F.  R. 
McIntyre,  Charles  A. 
Taylor,  Jr.,  Edward  B. 
members 


Cross,  Lloyd  A.  Offutt,  James  H. 

Donkin,  William  A. 

JUNIORS 

Burgwin,  Pierce  Butler  Carlisle  Oak,  Alfred  Henry 


STUDENT  JUNIOR 

Stotz,  John  Kenning 
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The  Secretary  announced  the  deaths  of  the  following  gentlemen: 


Joined  Died 

Ablett,  Job  .  Nov.,  1912  Aug.  14,  1915 

Albrecht,  C.  F .  June,  1902  July,  1915 

Dempster,  Alex .  Jan.,  1880  Aug.  3,  1915 

Greth,  J.  C.  W .  Apr.,  1903  Aug.  7,  1915 

McMurtry,  G.  G .  Feb.,  1882  Aug.  6,  1915 

Sinclair,  D.  J .  Apr.,  1915  Aug.  6,  1915 

Stattenfield,  H.  H .  Feb.,  1914  Mar.  13,  1915 


The  Secretary  was  requested  to  ask  Thos.  P.  Roberts  to  prepare 
a  memoir  of  Alexander  Dempster,  and  to  ask  C.  W.  Bennett,  of 
the  American  Sheet  &  Tin  Plate  Co.,  to  prepare  a  memoir  of  G.  G. 
McMurtry. 

The  reports  of  the  Secretary  showing  condition  of  the  finances  of 
the  Society  at  the  close  of  business  June  30th  and  July  31st.  1915, 
having  been  previously  audited  by  the  Finance  Committee,  were  ap¬ 
proved. 

A  written  progress  report  was  presented  by  Samuel  h.  Duff, 
Chairman  of  the  Membership  Committee;  and  the  Secretary,  reporting 
verbally  for  the  Publication  Committee,  advised  that  the  program  for 
the  ensuing  year  up  to  the  middle  of  June  was  complete  with  the  ex¬ 
ception  of  two  meetings. 

The  Secretary  presented  a  bill  for  flowers  sent  to  the  residence 
of  the  late  Alexander  Dempster  on  the  occasion  of  his  funeral  services, 
advising  that  after  consultation  with  President  Stucki  and  in  view  of 
the  necessity  of  immediate  action,  authorization  has  not  been  secured 
from  the  Board  for  this  expenditure,  whereupon  the  expenditure  was 
fully  approved  and  the  bill  ordered  paid. 

The  Secretary  read  a  card  from  the  family  of  Mr.  Dempster 
acknowledging  the  sympathy  of  the  Society. 

The  matter  of  the  appointment  of  a  Committee  on  Building  Code 
in  the  Society  to  give  moral  and  other  support  to  the  Societ>  s  repre¬ 
sentative  on  the  Building  Code  Commission  ot  the  city  \\.i>  intro- 
duced  by  the  Secretary.  After  discussion,  President  Stucki  was  au¬ 
thorized  to  appoint  such  a  committee. 

The  Secretary  read  the  following  letter  from  A.  A.  Hamerschlag, 
President,  Smoke  and  Dust  Abatement  League  of  1  ittsburgh. 


Sept.  2,  1915. 

Mr.  Elmer  K.  Hiles,  Secy., 

Engineers’  Society  of  Western  Pennsylvania, 

2511  Oliver  Bldg.,  City. 

Dear  Mr.  Hiles:  ,  _  .  f  c  ,  • 

The  International  Association  for  the  Prevention  ot  Smoke  is 
meeting  this  year  in  Cincinnati.  This  Association  is  made  up  ot  smo  e 
inspectors  and  of  persons  who  are  interested  in  smoke  abatement. 
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We  want  the  Association  to  meet  in  Pittsburgh  in  1917 — two  years 
from  now.  We  desire  to  get  the  consent  of  the  Association  at  the 
Cincinnati  meeting  to  come  here  at  that  time. 

We  want  to  do  this  for  three  reasons: 

1st.  To  let  the  country  know  and  see  what  work  has  been  done  in 
Pittsburgh  in  smoke  abatement. 

2nd.  To  hold  in  Pittsburgh,  at  that  time,  the  first  exhibit  of 
smoke-abating  appliances  ever  held  in  this  country. 

3rd.  To  make  1917  a  goal  for  further  efforts  in  smoke  abatement 
work  in  Pittsburgh. 

The  undersigned  will' go  to  the  convention  to  extend  the  invita¬ 
tion  on  behalf  of  the  Bureau  of  Smoke  Regulation  and  the  Smoke  and 
Dust  Abatement  League.  We  want  the  Engineers’  Society  of  Western 
Pennsylvania  to  join  in  this  invitation.  Will  you  kindly  let  me  hear 
from  you  at  the  earliest  possible  moment,  for  1  will  extend  the  invita¬ 
tion  on  Friday,  Sept.  10th. 

Yours  very  truly, 

(Signed)  Arthur  A.  Hamerschrag, 
President,  Smoke  and  Dust  Abatement  League. 

After  discussion,  the  Secretary  was  requested  to  write  to  Dr. 
Hamerschlag  advising  that  the  Engineers’  Society  of  Western  Penn¬ 
sylvania  is  very  pleased  to  join  heartily  in  the  invitation  to  the  inter¬ 
national  Association  for  the  Prevention  of  Smoke  to  hold  its  1917 
meeting  in  Pittsburgh,  and  that  we  will  gladly  extend  the  use  of  the 
Society  Rooms  for  their  meetings,  etc. 

President  Stucki  introduced  the  matter  of  delegates  to  the  Inter¬ 
national  Engineering  Congress  to  be  held  in  San  Francisco  this 
month,  and  the  Secretary  suggested  that  Mr.  Patrick  Noble,  Presi¬ 
dent,  Pacific  Rolling  Mill  Co.,  who  joined  the  Society  in  February, 
1882,  and  Mr.  George  C.  Carson,  Mining  Engineer,  who  joined  the 
Society  in  April,  1903,  are  both  residents  of  San  Francisco,  where¬ 
upon  President  Stucki  appointed  these  gentlemen  as  delegates,  with 
himself,  to  represent  the  Society  at  the  Congress,  requesting  the  Sec¬ 
retary  to  notify  these  gentlemen  of  their  appointments. 

The  meeting  adjourned  at  5:30  P.  M. 

EemER  K.  Hires,  Secretary. 


A  special  meeting  of  the  Board  of  Direction  of  the  Engineers’ 
Society  of  Western  Pennsylvania  was  held  in  the  Society  Rooms, 
Oliver  Building,  Friday,  September  17th,  1915,  at  4.15  P.  M.,  Vice 
President  Duff  presiding,  Messrs.  Neilson,  Crabtree,  Hoerr,  Haslam, 
Taylor  and  the  Secretary  being  present. 

Correspondence  with  A.  H.  Storrs,  Second  Vice  President,  of  the 
Engineers’  Society  of  Northeastern  Pennsylvania,  was  laid  before  the 
Board,  in  which  the  Engineers’  Society  of  Western  Pennsylvania  was 
requested  to  endorse  Charles  Enzian  as  a  candidate  for  a  member  of 
the  State  Public  Service  Commission,  and  further  requesting  that  we 
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write  a  letter  to  Governor  Brumbaugh  presenting  such  endorsement 
and  requesting  that  Mr.  Enzian  be  appointed  to  this  position. 

After  full  discussion  the  Secretary  was  requested  to  address  a 
letter  to  Governor  Brumbaugh  inquiring  whether  he  would  consider 
the  names  of  several  engineers  who  might  be  selected  for  presenta¬ 
tion  to  him  by  means  of  a  letter  ballot  conducted  by  the  four  Engi¬ 
neers’  Societies  of  the  State  among  their  members,  viz:  Engineers’ 
Club  of  Philadelphia.  Engineers’  Society  of  Northeastern  Pennsyl¬ 
vania,  Engineers’  Society  of  Pennsylvania,  and  the  Engineers’  Society 
of  Western  Pennsylvania.  The  Secretary  was  further  requested  to  ad¬ 
dress  a  letter  to  the  Secretaries  of  these  Societies  enclosing  a  copy  of 
our  letter  to  Governor  Brumbaugh,  requesting  that  this  matter  be  laid 
before  the  Boards  of  Direction  of  the  several  Societies  with  a  view  to 
addressing  a  similar  letter  to  the  Governor.  The  Secretary  was  fur¬ 
ther  requested  to  address  a  letter  to  A.  H.  Storrs,  Second  Vice  Presi¬ 
dent,  of  the  Engineers’  Society  of  Northeastern  Pennsylvania,  in  fur¬ 
ther  acknowledgment  of  his  letter  of  September  11th,  stating  that  it  is 
not  the  policy  of  the  Engineers’  Society  of  Western  Pennsylvania  to 
endorse  candidates  for  any  position,  whether  political  or  professional, 
but  pointing  out  that  it  is  felt  by  the  members  of  the  Board  of  Direc¬ 
tion  that  in  cases  of  this  sort  the  Engineers’  Societies  of  the  State  can 
be  of  very  real  assistance  by  suggesting  to  the  Governor  the  names  of 
several  engineers  whose  training  and  experience  qualifies  them  in  a 
marked  manner  for  the  position  in  question. 

The  meeting  adjourned  at  5:00  P.  M. 

Elmer  K.  Hiles,  Secretary. 
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REGULAR  MONTHLY  MEETING 


The  347th  regular  monthly  meeting  of  the  Engineers’  Society  of  West¬ 
ern  Pennsylvania  was  held  in  the  Society  Rooms,  Oliver  Luilding,  on 
Tuesday  evening,  October  19th,  at  8:26  P.  M.,  "\  ice  President  Samuel  E. 
Duff  presiding.  50  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  monthly  meeting  held  September  21st, 
were  read  and  approved. 

The  Board  of  Direction  reported  the  election  of  nine  applicants  to  the 
grade  of  Member,  two  to  the  grade  of  Associate  Member,  two  to  the  grade 
of  Junior  and  one  to  the  grade  of  Student  Junior,  and  the  receipt  of  six 
applications  for  membership. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “Mathematical  Theory  of  the  Elastic  Arch”  was  presented  by 
Willis  Whited,  Engineer  of  Bridges,  State  Highway  Department,  Harris¬ 
burg,  Pa. 

The  ensuing  discussion  was  participated  in  by  C.  N.  Haggart,  Cons.  & 
Designing  Engineer;  C.  E.  Chase,  Inspector  Modjeski  6c  Angier,  607 
Arrott  Bldg. ;  James  Martin,  Struc.  Stl.  &  Concrete  Designer,  Pittsburgh 
Railways  Co. ;  John  A.  Ferguson,  Secy.-Engr.,  Pgh.  Building  Code  Com¬ 
mission;  Prof.  Horace  R.  Thayer,  Asst.  Professor  of  Structural  Design, 
Carnegie  Institute  of  Technology;  N.  F.  Hopkins,  Civil  Engr.,  Harrop 
Hopkins  &  Taylor;  T.  J.  Wilkerson,  Div.  Engr.  of  Bridges,  Bureau  of  En¬ 
gineering,  City  of  Pittsburgh,  and  the  author. 

The  meeting  adjourned  at  10:00  P.  M. 

Elmer  K.  Hii.es,  Secretary. 


MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
Rooms,  Oliver  Building,  Tuesday  evening,  October  5th,  at  8.20  P.  M.,  Past 
Chairman  A.  L.  Hoerr  presiding,  75  members  and  visitors  being  present. 

The  minutes  of  the  last  meeting  held  June  1st,  were  read  and 
approved. 

No  further  business  coming  before  the  Section,  the  papers  of  the 
evening  comprising  a  symposium  on  “Gas  \\  elding  and  Cutting  were  pro- 
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sented  as  follows:  “Use  in  Welding  Heavy  Parts,”  by  C.  K.  Bryce,  Engr., 
Oxweld  Acetylene  Co.,  Newark,  N.  J.;  “Use  in  Steel  Foundries,”  by  J.  B. 
Henry,  Gen.  Supt.,  Union  Steel  Castings  Co. ;  “Use  in  Steel  Mills,”  by 
A.  F.  Mitchell,  Asst,  to  Supt.,  Armor  Plate  Dept.,  Carnegie  Steel  Co., 
Homestead,  Pa. ;  “Use  in  Blast  Furnaces,”  by  F.  H.  Kindi,  Engineer  with 
United  Engrg.  &  Fdry.  Co.,  Pittsburgh. 

The  ensuing  discussion  was  participated  in  by :  C.  S.  Koch,  Pres.  & 
Gen.  Mgr.,  Ft.  Pitt  Steel  Casting  Co.,  McKeesport,  Pa. ;  T.  H.  C.  Allen, 
Mgr.,  Carbon  Hydrogen  Co. ;  F.  S.  Austin,  Dist.  Sales  Mgr.,  Davis-Bour- 
nonville  Co.,  and  C.  K.  Bryce. 

On  motion  the  meeting  adjourned  at  10:42  P.  M. 


Eemer  K.  HilES,  Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  En¬ 
gineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society  Rooms, 
Oliver  Building,  Monday,  October  4th,  at  4  :35  P.  M.,  Vice  President  Duff 
presiding,  Messrs.  Crabtree,  Hoerr,  Taylor,  Snyder,  Haslam  and  the 
Secretary  being  present,  George  H.  Neilson,  concurring. 

The  minutes  of  the  last  regular  meeting  held  September  3rd,  were 
read  and  approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board,  on  September 
3rd,  they  were  duly  elected  to  membership : 


MEMBERS 


Comstock,  George  William 
Gordon,  Arthur  F. 

Herr,  Willard  Henry 
Kimmel,  Charles  Porter 


Lockwood,  Burns  Daniel 
McFeatters,  F.  R. 
McIntyre,  Charles  A. 
Offutt,  James  PI. 


Taylor,  Jr.,  Edward  B. 


ASSOCIATE  MEMBERS 


Cross,  Lloyd  A. 


Donkin,  William  A. 


JUNIOR 


Burgwin,  Pierce  Butler  Carlisle 


Oak,  Alfred  Henry 
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STUDENT  JUNIOR 
Stotz,  John  Kenning 

Applications  for  membership  were  received  from  the  following  gentle¬ 
men  and  their  names  ordered  published  to  the  Society.  Assignment  to  the 
various  grades  of  membership  is  as  follows : 

MEMBERS 

Dolan,  William  Rothwell  Noble,  Howard  Agnew 
Lee,  Richard  Henry  Starr,  Jr.,  Arthur  B. 

ASSOCIATE  MEMBER 
Dolan,  Albert  Vincent 

JUNIOR 

Duff,  Jr.,  Edward  Everett 

The  report  of  the  Secretary  showing  the  condition  of  the  finances  of 
the  Society  at  the  close  of  business  August  31st,  1915,  having  been  previ¬ 
ously  audited  by  the  Finance  Committee,  was  approved. 

The  Secretary  presented  a  letter  from  E.  B.  Murray,  Secretary  of  the 
Engineers’  Club  of  Kansas  City,  requesting  an  exchange  of  house  privi¬ 
leges.  The  Secretary  was  authorized  to  effect  this  exchange. 

The  Secretary  presented  a  letter  from  E.  E.  Pratt,  Chief  of  Bureau  of 
Foreign  and  Domestic  Commerce,  Department  of  Commerce,  requesting 
this  Society  to  cooperate  with  them  to  the  extent  of  sending  out  with  one 
of  our  notices  a  circular  letter  from  the  Bureau,  copy  of  which  they  en¬ 
closed. 

After  discussion,  the  Secretary  was  requested  t(»  advise  Mr.  Pratt  that 
the  Society  would  mail  such  circulars  out  with  an  announcement  of  a 
regular  meeting. 

The  meeting  adjourned  at  5:35  P.  M. 


Elmer  K.  HilES,  Secretary. 
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The  348th  regular  monthly  meeting  of  the  Engineers  Society  of 
Western  Pennsylvania  was  held  in  the  Society  Rooms,  Oliver  Building,  on 
Tuesday  evening,  November  16th,  at  8:20  P.  M.,  President  A.  Stucki  pre¬ 
siding.  86  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  monthly  meeting  held  October  19th 
were  read  and  approved. 

The  Board  of  Direction  reported  the  election  of  four  applicants  to 
the  grade  of  Member,  one  to  the  grade  of  Associate  Member,  and  one  the 
grade  of  Junior;  and  the  receipt  of  fifteen  applications  for  membership. 

The  Secretary  read  a  letter  from  Mr.  F.  G.  Gasche,  Mechanical  Engi¬ 
neer,  Illinois  Steel  Co.,  South  Chicago,  in  which  he  advised  that  he  was 
forwarding  a  book  on  “Venturi  Meter  as  an  Instrument  for  the  Measure¬ 
ment  of  Liquids  and  Gases,”  together  with  charts  and  diagrams,  for  the 
use  of  the  Society. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “Improvements  in  the  Art  of  Mechanical  I* iltration  was  pre¬ 
sented  by  Thomas  Fleming,  Jr.,  Hydraulic  Engineer,  Chester  &  Fleming, 
Pittsburgh. 

Discussion  by  correspondence  was  presented  by  Arthur  \\  .  Carpen¬ 
ter,  Asst.  Supt.,  Filtration  Plant,  Akron,  O. ;  J.  S.  Dunwoody,  Supt.  h il¬ 
tration,  Erie,  Pa.;  M.  F.  Newman,  Mgr.,  Water  Purifying  Dept.  Wm.  B 
Scaife  &  Sons  Co. 

The  ensuing  discussion  was  participated  in  by  John  N.  Chester,  Cons. 
Engr.,  Chester  &  Fleming,  Pittsburgh;  J.  M.  T.  Rice,  Cons.  Engr.,  Morris 
Knowles,  Pittsburgh;  W.  C.  Hawley,  Chf.  Engr.  &  Gen.  Supt.,  Pennsyl¬ 
vania  Water  Co.,  Wilkinsburg. 

The  meeting  adjourned  at  10:45  P.  M. 


A  special  meeting  of  the  Engineers’  Society  of  Western  Pennsylvania 
was  held  in  the  Society  Rooms,  Oliver  Bldg.,  Pittsburgh,  1  uesday  evening. 
November  23rd,  at  8:20  P.  M.,  President  Stucki  presiding,  115  members 
and  visitors  being  present. 

The  reading  of  the  minutes  of  the  last  regular  meeting  held  November 
16th,  was  dispensed  with. 
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No  further  business  coming  before  the  Society,  Dr.  W.  S.  Franklin, 
formerly  Professor  of  Physics,  Lehigh  University,  lectured  on  “Some 
Mechanical  Analogies  in  Electricity  and  Magnetism.” 

The  meeting  adjourned  at  10:40  P.  M. 

Elmer  K.  Hiles,  Secretary. 


STRUCTURAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the  En¬ 
gineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society  Rooms, 
Oliver  Bldg.,  Tuesday  evening,  November  9th,  at  8:20  P.  M.,  Vice  Chair¬ 
man  H.  R.  Thayer  presiding,  83  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  September  7th  were  read 
and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  “Highway  Bridge  Floors”  was  presented  by  Prof.  Charles  M. 
Spofford,  Hayward  Professor  of  Civil  Engineering,  Massachusetts  Insti¬ 
tute  of  Technology,  also  of  Fay,  Spofford  &  Thorndike,  Consulting  En¬ 
gineers,  Boston,  Mass. 

Discussion  by  correspondence  was  presented  by  E.  K.  Morse,  Cons. 
Engr.,  Pittsburgh;  T.  J.  Wilkerson,  Div.  Engr.  of  Bridges,  Bureau  of 
Engineering,  Pittsburgh ;  N.  S.  Sprague,  Supt.  Bureau  of  Engineering, 
Dept,  of  Public  Works,  Pittsburgh;  Lewis  E.  Moore,  Bridge  &  Signal 
Engr.,  Commonwealth  of  Massachusetts,  Public  Service  Commission,  Bos¬ 
ton,  Mass.;  John  E.  Carty,  Bridge  &  Ferry  Div.,  Dept.  Public  Works, 
Boston  ;  Edward  A.  Byrne,  Acting  Chf.  Engr.,  Dept,  of  Bridges,  City  of 
New  York,  New  York,  N.  Y. ;  L.  R.  Manville  and  R.  W.  Gastmeyer, 
Structural  Dept.,  New  York  Central  R.  R.,  New  York. 

The  ensuing  discussion  was  participated  in  by  Prof.  R.  P.  Davis, 
Dept,  of  Bridge  Engineering,  West  Virginia  University,  Morgantown,  W. 
Va. ;  V.  R.  Covell,  Deputy  County  Engr.,  Allegheny  County,  Pittsburgh ; 
Samuel  E.  Duff,  Cons  Engr.,  Pittsburgh ;  J.  H.  Smith,  Professor  Civil 
Engineering,  University  of  Pittsburgh;  Edward  Godfrey,  Struc.  Engr., 
Robt.  W.  Hunt  &  Co.,  Pittsburgh ;  George  H.  Danforth,  Asst.  Struc.  Engr., 
Jones  &  Laughlin  Steel  Co.,  Pittsburgh;  John  A.  Ferguson,  Secv.-Engr., 
Building  Code  Commission,  City  of  Pittsburgh  ;  and  the  author. 

Prof.  Mott  moved  that  a  vote  of  thanks  be  tendered  to  Prof.  Spofford 
for  his  valuable  and  interesting  paper,  which  motion  was  carried  unani¬ 
mously,  whereupon,  the  Chairman  extended  the  thanks  of  the  section  to 
Prof.  Spofford. 

The  meeting  adjourned  at  10:25  P.  M. 

Elmer  K.  HilES,  Secretary. 
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The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
Rooms.  Oliver  Building,  Friday,  November  5th  at  4:15  P.  M..  President 
A.  Stucki  presiding,  Messrs.  Hoerr,  Neilson,  Hoopes,  Taylor  and  the 
Secretary  being  present.  Samuel  E.  Duff  and  A.  R.  Raymer  concurring. 

The  minutes  of  the  last  regular  meeting  held  October  4th  were  ap¬ 
proved  without  reading. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society,  pursuant  to  the  action  of  the  Board,  on  Octobe: 
4th,  they  were  duly  elected  to  membership : 


MEMBERS 


Noble,  Howard  Agnew 
Starr,  Arthur  B.,  Jr. 


Dolan,  William  Rothwell 
Lee.  Richard  Henry 


ASSOCIATE  MEMBER 
Dolan,  Albert  Vincent 


JUNIOR 

Duff,  Edward  Everett,  Jr. 


Applications  for  membership  were  received  from  the  following  gen¬ 
tlemen  and  their  names  ordered  published  to  the  Society.  Assignment 
to  the  various  grades  of  membership  is  as  follows  : 


MEMBERS 


Bode,  John  Henry 
Edgar,  Louis  C. 


Glage,  Gustav  Max 
McKinley,  Joseph 


Reeser,  Edwin  P>. 


ASSOCIATE  MEMBERS 


Brown,  Walter  Paul 


Taber,  George  Hathaway,  Jr. 


Whited,  Edmund  Willis 


JUNIOR 

Dolan,  Joseph  Richard 


STUDENT  JUNIORS 


Braun,  Harry  S. 
Krieger,  A.  Noah 
Lauer,  Willard  Wood 


Levine.  Julius 
Stickel,  Charles  Richard 
Wasson,  Theron 
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The  report  of  the  Secretary  showing  the  condition  of  the  finances  of 
the  Society  at  the  close  of  business  September  30,  1915,  having  been  previ¬ 
ously  audited  by  the  Finance  Committee,  was  approved. 

George  H.  Neilson,  Chairman  of  the  Entertainment  Committee,  pre¬ 
sented  a  progress  report  advising  that  plans  were  completed  for  a  recep¬ 
tion  and  (fence  to  be  held  at  the  Rittenhouse  on  Thursday  evening,  No¬ 
vember  18.  Mr.  Neilson  further  reported  a  suggestion  made  by  Professor 
Mott  that  the  engineering  students  attending  the  University  of  Pittsburgh 
and  the  Carnegie  Institute  of  Technology  be  invited  to  a  smoker  next 
Spring  arranged  especially  for  them.  This  suggestion  met  with  general 
approval. 

The  Secretary  read  the  following  recommendations  which  were  made 
by  the  Publication  Committee : 

Professor  Crabtree  introduced  the  matter  of  a  reduction  in  the  num¬ 
ber  of  meetings  of  the  Society,  and  it  was  voted  to  recommend  to  the 
Board  of  Direction  that  the  number  of  meetings  for  each  of  the  Sections 
of  the  Society  be  reduced  from  five  to  four  each  year  in  order  to  reduce 
the  total  number  of  meetings,  and  it  was  further  suggested  that  the  reg¬ 
ular  monthly  meetings  of  the  Society  devoted  to  technical  papers  be  re¬ 
duced  from  ten  to  nine. 

In  this  connection  the  further  recommendation  was  made  that  the 
June  meeting  be  made  an  out-of-door  affair  at  one  of  the  Country  Clubs, 
where  golf,  putting  tests,  baseball,  indoor  baseball,  etc.,  could  be  indulged 
in,  followed  by  a  dinner  and  social  evening ;  it  being  the  idea  that  this 
meeting  should  properly  be  conducted  by  the  Entertainment  Committee. 

It  was  further  recommended  that  the  September  monthly  meeting  be 
announced  as  a  social  evening,  at  which  no  formal  papers  were  to  be  read. 
It  was  thought  advisable,  however,  to  follow  out  a  suggestion  made  by 
Mr.  William  Hoopes,  that  three  or  four  short  reviews  of  the  advancement 
in  certain  lines  of  engineering  during  the  previous  twelve  months  be  pre¬ 
pared  by  as  many  authorities  in  the  several  fields  and  published  in  the 
October  issue  of  the  Proceeding*. 

Some  discussion  was  had  as  to  ways  and  means  of  securing  more 
papers  from  members  of  the  Society,  and  it  was  agreed  that  the  following 
suggestions  be  made  to  the  incoming  Publication  Committee  when  ap¬ 
pointed  after  the  first  of  the  year  ;  that  some  of  the  Section  meetings,  at 
least,  be  devoted  to  topical  discussions  or  to  short  papers  with  discussions 
prepared  in  advance,  as  far  as  possible  by  members  of  the  Society;  the 
thought  in  this  suggestion  being  that  we  might  be  able  to  secure  more 
discussion  and  have  the  added  advantage  of  holding  some  meetings  which 
would  be  less  formal  than  the  monthly  meetings  of  the  Society,  at  which 
it  has  been  the  custom  to  endeavor  to  secure  the  most  notable  papers  pos¬ 
sible. 

It  was  further  agreed  to  recommend  to  the  Board  of  Direction  that  a 
Reception  Committee  be  appointed  by  the  Board  or  by  the  President  of 
the  Society,  and  that  each  Section  be  well  represented  on  this  Committee. 
The  thought  in  this  connection  was  that  the  fifteen  or  twenty  minutes  just 
prior  to  our  meetings  might  be  used  to  far  greater  advantage  if  an  ener¬ 
getic  Reception  Committee  were  in  charge  of  each  meeting  and  would  see 
to  it  that  strangers  and  the  younger  members  of  the  Society  were  cor¬ 
dially  met  and  introduced  to  the  members  of  the  Society  present. 
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It  was  thought  that  this  Reception  Committee  might  resolve  itself  into 
small  groups,  to  all  of  which  would  be  assigned  certain  definite  meetings 
of  the  Society. 

No  action  was  taken  on  these  recommendations  owing  to  the  small 
attendance  at  the  Board  meeting,  and  the  Secretary  was  requested  to  make 
a  special  note  on  the  schedule  of  business  for  the  next  meeting  of  the 
Board  calling  attention  to  these  important  changes  which  are  suggested. 

The  following  report  of  the  Nominating  Committee  was  presented  by 
A.  L.  Hoerr,  Chairman : 

Pittsburgh,  Nov.  5,  1915. 

To  the  Board  of  Direction, 

Engineers’  Society  of  W  estern  Pennsylvania. 

Dear  Sirs : 

We  beg  to  submit  the  following  unanimous  report  covering  nomina¬ 
tions  for  the  several  offices  in  the  Society  to  be  filled  at  this  time  : 

President . Samuel  E.  Duff 

Vice  President  (2  years) . W.  E.  Snyder 

Treasurer . A.  E.  brost 

ty  .  v  S  W.  E.  Mott 

Directors  (2  years) . |  H  D  James 

Respectfully  submitted, 

Chester  B.  Albree 

W.  C.  Hawley 

O.  P.  Hood 

George  H.  Neilson 

Alex.  L.  Hoerr,  Chairman 

The  Nominating  Committee  desire  to  thank  those  members  of  the 
Society  who  took  occasion  to  send  in  suggestions  as  to  candidates  for  the 
several  offices  to  be  filled  and  thereby  materially  assisted  the  L  ommittee  in 
its  work. 

The  report  of  the  Committee  was  unanimously  approved. 

The  meeting  adjourned  at  4:55  P.  M. 


Elmer  K.  HilES,  Secretary. 


REGULAR  MONTHLY  MEETING 


The  349th  regular  monthly  meeting  of  the  Engineers’  Society  of 
W  estern  Pennsylvania  was  held  in  the  Society  Rooms,  Oliver  Bldg.,  on 
Tuesday  evening,  December  7th,  at  8:15  P.  M.,  President  A.  Stucki  pre¬ 
siding,  125  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  monthly  meeting  held  November  16th 
were  read  and  approved. 

The  Board  of  Direction  reported  the  election  of  five  applicants  to  the 
grade  of  Member;  three  to  the  grade  of  Associate  Member;  one  to  the 
grade  of  Junior,  and  six  to  the  grade  of  Student  Junior.  Also  the  receipt 
of  thirteen  applications  for  membership. 

No  further  business  coming  before  the  Society,  the  paper  of  the  even¬ 
ing  on  “Utilization  of  Iron  and  Steel  Works  Slags”  was  presented  by 
E.  C.  Brown,  Chief  Civil  Engineer,  Carnegie  Steel  Co.,  Pittsburgh. 

Discussion  by  correspondence  was  presented  by  Henry  G.  Gilg, 
Pittsburgh. 

The  ensuing  discussion  was  participated  in  by:  John  A.  Ferguson, 
Secy-Engr.,  Building  Code  Commission,  City  of  Pittsburgh;  J.  A.  Shinn, 
Inspector,  M.  of  E.  Dept.,  B.  &  L.  E.  R.  R.,  Greenville,  Pa.;  Mr.  Clark, 
Clark  Car  Co.,  Pittsburgh ;  Robert  A.  Cummings,  Cons.  Engr.,  Machesney 
Bldg.,  Pittsburgh ;  Harry  J.  Lewis,  Cons.  Engr.,  Pittsburgh ;  Kenneth 
Talbot,  Div.  Engr.,  Inspection  and  Information  Bureau,  Universal  Port¬ 
land  Cement  Co.,  Pittsburgh ;  Mr.  Donaldson,  Ohio  W  orks,  Carnegie  Steel 
Co.,  Youngstown,  O. ;  W.  A.  Weldin,  Proposal  Engr.,  Pittsburgh  Coal 
W  asher  Co.,  Pittsburgh ;  L.  E.  Riddle,  Gen.  Supt.,  City  Blast  Furnaces, 
Isabella  Furnaces,  Carnegie  Steel  Co.,  Etna,  Pa.;  Emanuel  Kaufman, 
Treas.  and  Gen.  Mgr.,  Kro-Yan  Steel  Co.,  Pittsburgh,  and  the  author. 

The  meeting  adjourned  at  10:30  P.  M. 

Elmer  K.  Hii.es,  Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engi¬ 
neers’  Society  of  W'estcrn  Pennsylvania  was  held  in  the  Society  Rooms, 
Oliver  Bldg.,  Monday,  December  6th,  at  4:30  P.  M.,  Vice  President  Samuel 
E.  Duff  presiding,  Messrs.  Neilson,  Snyder,  Crabtree,  Frost,  Taylor,  Me- 
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Culloch  and  the  Secretary  being  present,  Mr.  A.  L.  Hoerr  concurring. 

The  minutes  of  the  last  regular  meeting  held  November  5th  were 
read  and  approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society,  pursuant  to  the  action  of  the  Board  on  November 
5th,  were  duly  elected  to  membership : 

MEMBERS 

Bode,  John  Henry  Glage,  Gustav  Max 

Edgar,  Louis  C.  McKinley,  Joseph 

Reeser,  Edwin  B. 

ASSOCIATE  MEMBERS 

Brown,  Walter  Paul  Taber,  Jr.,  George  Hathaway 

Whited,  Edmund  Willis 

JUNIOR 

Dolan,  Joseph  Richard 

STUDENT  JUNIORS 

Braun,  Harry  S.  Levine,  Julius 

Krieger,  A.  Noah  Stickel,  Charles  Richard 

Lauer,  Willard  Wood  Wasson,  Theron 

Applications  for  membership  were  received  from  the  following  gen¬ 
tlemen  and  their  names  ordered  published  to  the  Society.  Assignment  to 
the  various  grades  of  membership  is  as  follows: 

MEMBERS 

Ballou,  George  Langdon  Manice,  DeForest 

Bruner,  Frederick  Kenderdine,  George 

Dudley,  Wray  O’Connor,  Harry  Dobson 

Thomas,  John  Fred 

ASSOCIATE  MEMBERS 

Hobbs,  James  Clarence  Mingle,  John  G. 

ASSOCIATE 

Ramage,  Edwin  Church 

JUNIORS 

Tayman,  George  S.  Ball,  Ethan  Frank 

Young,  Francis  E. 

The  Secretary  announced  that  Mr.  John  M.  Rice,  of  Morris  Knowles' 
office,  desired  to  be  reinstated  to  membership  in  the  Society  effective 
January  1st,  1916.  The  Secretary  was  requested  to  replace  Mr.  Rice’s 
name  on  the  Society  rolls. 
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Application  for  transfer  to  a  higher  grade  was  presented  by  Joshua 
A.  Partington,  whereupon  he  was  transferred  to  the  grade  of  Member. 

Mr.  George  H.  Neilson  reported  the  death  of  James  Mapes  Dodge, 
an  honorary  member  of  the  Society.  Mr.  Neilson  was  requested  to  pre¬ 
pare  a  memoir  of  Mr.  Dodge  to  be  published  in  the  Proceedings. 

The  report  of  the  Secretary  showing  condition  of  the  finances  of  the 
Society  at  the  close  of  business  October  31st,  having  been  previously 
audited  by  the  Finance  Committee,  was  approved. 

The  recommendations  of  the  Publication  Committee  bearing  on  the 
number  of  meetings  of  the  Society  and  its  Sections  made  at  the  last  meet¬ 
ing  of  the  Board  on  November  5th,  were  discussed  in  detail.  After  dis¬ 
cussion,  it  was  concluded  to  put  this  matter  in  the  hands  of  the  Publica¬ 
tion  Committee  for  the  season  1916-17  to  be  worked  out  without  making 
any  change  in  the  Society  or  Section  By-Laws. 

In  accordance  with  the  requirements  of  the  By-Laws,  the  Board  of 
Direction  finally  passed  upon  the  eligibility  of  all  nominees  as  published  to 
the  Society.  The  nominations  made  by  the  Nominating  Committee  were 
approved. 

The  Secretary  introduced  the  matter  of  sending  a  letter  to  Dr.  Bras- 
hear  as  from  the  Society,  congratulating  him  upon  his  75th  birthday.  Mr. 
S.  A.  Taylor  was  requested  to  draw  up  such  a  letter. 

The  Secretary  presented  a  letter  from  the  Mining  and  Metallurgical 
Society  of  America,  inviting  the  Engineers’  Society  of  Western  Pennsyl¬ 
vania  to  appoint  delegates  to  its  meeting  to  be  held  in  Washington,  D.  C., 
December  16th.  It  was  agreed  to  appoint 

Robert  Linton 
George  S.  Rice 

as  delegates  representing  this  Society,  it  being  understood  that  these  gen¬ 
tlemen  were  arranging  to  attend  the  meeting  in  Washington. 

The  meeting  adjourned  at  6:00  P.  M. 


Elmer  K.  IIilEs,  Secretary. 
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Ablett,  J.,  Discussion  on  Pipe  couplings,  447,  458 
Abrasives,  388 

Accident  prevention,  See  Safety 
Acetylene,  See  Welding,  Gas 

Address  [at  annual  banquet,  1915],  James  A.  Farrell 
Aggregates,  See  Concrete  aggregates 

Aims,  Walton  I.,  Correspondence  on  Harlem  River  tubes,  563 
Alboline,  388,  389 

Albree,  Chester  B.,  Discussion  on  Pipe  couplings,  444 

Allegheny  river  water,  830,  866 

Allen,  H.  C.,  Discussion  on  Gas  welding,  724 

Alpern,  M.,  Discussion  on  Tests  on  chain  grate  stoker,  17,  42 

American  chemical  industry,  381 

Annealing  furnaces,  Electric,  265 

Armor  Plate,  Cutting,  711 

Aschman,  F.  T.,  Discussion  on  American  chemical  industries,  404 
Asphalt  bridge  pavement,  765,  793 

Auld,  E.  C.,  Discussion  on  Bituminous  mining  plants,  692 

Austin,  F.  S.,  Discussion  on  Gas  welding,  724 

Austin,  F.  S.,  Discussion  on  Pipe  couplings,  448,  452,  453,  454 

Autogenous  welding,  See  Welding 

Automobiles,  Weight,  728 

Baffling,  See  also  Filtration 

Baffling  boilers,  1 

Baily,  T.  F.,  Electric  Furnace  for  Reheating,  Heat  Treating  and  Annealing,  255 
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Baltimore  &  Ohio  Railroad,  Inspection  of  Magnolia  Cut-off,  510 
Bath  houses,  Mine,  673 

Bell,  J.  E.,  Discussion  on  Tests  on  chain  grate  stoker,  36,  44 
Benzol,  399,  403 

Bibliography  of  Metal  Corrosion  and  Protection ,  Carnegie  Library  of  Pittsburgh , 
193-222 

Bin,  See  Coal  storage 
Bituminous  mining  plants,  621 
Bath  houses,  673 
Capacity,  634 

Coal  treatment,  656,  659,  662,  689,  692 
Coke  ovens,  677 
Waste  heat,  678 

Concrete,  647,  684,  685,  691,  693 

Contracts,  626,  686 

Corrosion,  646,  683 

Cost,  627,  686 

Cost  of  power,  680 

Dumping  devices,  641,  655,  683,  694 

Haulage,  638 

Hoists,  633,  635 

Housing  problem,  622 

Location,  629,  636 

Mine  openings,  630 

Picking  tables,  659 

Power  plant,  670 

Preliminaries,  628 

Sanitation,  624 

Storage,  647,  667,  675 

Tipple,  621,  626,  644,  690 

Washery,  662,  689 

Waste  heat  coke  ovens,  678 

Wood  vs.  steel  construction,  644,  648,  684,  685,  690 
Blast  furnace,  See  also  Bosh.  Tuyeres 
Blast  furnace  slag,  See  Slag 
Blast  furnace  vs.  electric  furnace,  499 
Blowpipe  welding,  See  Welding 
Boilers,  Baffling,  1 

Bosh  Fuel  Domes ,  Frederick  Louis  Grammer,  609 
Bliss,  W.  A.,  Discussion  on  Local  sands,  374,  376,  379 
Boats,  See  Canal  boats 

Brashear,  John  A.,  Discussion  on  Engineering  education,  91 
Brass  melting,  See  Electric  furnace 
Brick.  Bridge  pavement,  765 
Brick,  Slag,  908 
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Bridge  corrosion,  See  Metal  corrosion.  Metal  protection 
Bridge  floors,  727 

Loading,  727,  734,  743,  769,  788,  798,  812 
Automobiles,  728 
Crowds,  739 
Electric  cars,  737 
Horse  drawn  vehicles,  730 
Road  rollers,  739 
Surface  Materials,  759,  780,  791 
Width,  746,  790 

Brown,  E.  C.,  Utilization  of  Iron  and  Steel  Works'  Slags,  884 
Bryce,  C.  K..,  Gas  If  elding  and  Cutting’  II  elding  Heavy  Parts,  696 
Buka,  S.,  Correspondence  on  Mechanical  filtration,  870 
Bunker,  George  C.,  Correspondence  on  Mechanical  filtration,  871 

Burr,  William  H.,  The  Relation  of  Educational  Training  to  the  Practice  of 
Engineering,  56 

Byrne,  Edward  A.,  Correspondence  on  Highway  bridge  floors,  804 
Calcium  Carbide,  See  Electric  furnace 
Canal,  Lake  Erie  and  Ohio  River,  285 
Boats,  306,  310 
Capacity,  307,  315 
Culverts,  299 
Dams,  294,  295 
Locks,  289,  296,  311 
Reservoirs,  301,  302,  303 
Retaining  walls,  299 
Spillways,  298 
Water  supply,  300 
Cannon.  Transportation,  730 
Car  dumping,  See  Dumping  devices 
Cars,  See  Electric  cars 

Carpenter,  Arthlr  W.,  Correspondence  on  Mechanical  filtration,  SS0 

Carty,  John  E.,  Correspondence  on  Highway  bridge  floors,  819 

Casparis,  W.  R.,  Discussion  on  Electric  haulage,  603 

Cast-iron  block.  Bridge  pavement,  809 

Caulking.  Harlem  River  tubes,  558 

Caustic  Soda,  See  Soda 

Cement  tests,  336,  338 

Cement  tests,  See  also  Concrete  aggregates 

Cement  trade,  U.  S.,  387 

Centrally  Controlled  Electric  Haulage  Systems,  F.  E.  Woodford,  584 
Chain  grate  stoker,  1 

Chalfant,  J.  G.,  Discussion  on  Metal  protection,  183 
Chamberlain,  O.  P.,  Correspondence  on  Electric  haulage,  598 
Charge,  Blast  furnace,  See  Bosh 
Chemical  Industry,  U.  S.,  381 
Chemicals.  Prices,  408-409 
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Chester,  J.  N.,  Discussion  on  Mechanical  filtration,  858 
Cinder,  See  Slag 

Clapp,  F.  G.,  Discussion  on  Oil  industry 
Clark,  Charles  H.,  Discussion  on  Slag,  898 
.Coagulation,  See  Filtration 
Coal  analysis.  Mexico,  689 
Coal. 

Heating  value,  13 
Moisture  determination,  43 
Coal  gas.  Welding,  See  Welding 
Coal  geology,  628 

Coal  mine.  Output,  See  Coal  production 

Coal  mine  plant,  See  Bituminous  mining  plants 

Coal  production,  622 

Coal  storage,  647,  667,  675 

Coal-tar  colors,  See  Dyestuffs 

Coal  tipple,  See  Bituminous  mining  plants,  Tipple 

Coal  treatment,  656,  659,  662,  689,  692 

Coal  washer,  See  Bituminous  mining  plants.  Coal  treatment 
Coast  defense  gun.  Transportation,  730 
Coke  ovens,  677 

Waste  heat,  678 

Commercial  and  industrial  conditions,  223 
Concrete. 

Coal  bins,  669,  684,  685 
Coal  tipple,  647,  684,  685,  691,  693 
Filtration  plant  construction,  835,  839,  844,  872 
Harlem  River  tunnel,  532,  567,  572,  575,  579,  581 
Physical  tests,  334,  351-356,  363 
Slag,  890,  893,  894,  896,  898,  899,  901,  902,  909,  910 
Concrete  aggregates,  334,  336 

Gravel.  Physical  properties,  336,  339 
Mortars.  Compressive  strength,  348 
Mortars.  Density,  346 
Mortars.  Tensile  strength,  342 
Sand.  Physical  properties,  334,  336,  339 
Slag,  884,  919 

Consideration  with  Regard  to  the  Rapid  Transit  Problem  in  Cities ,  George  F. 
Swain,  239 

Control,  Electric,  See  Electric  haulage 
Controlling  tower,  See  Electric  haulage 
Converter,  Tropenas,  499 

Corrosion.  See  Metal  corrosion.  Metal  protection 
Cost. 

Electric  haulage,  596,  598,  603,  604 

Filtration  plant  construction  and  maintenance,  867,  869,  881 

Mine  power,  680 

Mine  structures,  627,  686 
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Oxy -acetylene  cutting,  708,  723,  725 
Pipe  cutting,  452 
Pipe  welding,  452 
Power,  501 

Covell,  V.  R.,  Discussion  on  Highway  bridge  floors,  793 
Covell,  V.  R.,  Discussion  on  Metal  protection,  186 
Crowds.  Weight,  739 

Cummings,  Robert  A.,  Discussion  on  Metal  protection,  167 
Cummings,  Robert  A.,  Discussion  on  Slag,  898,  902,  903 
Cushing  pool.  Effect  on  oil  industry,  460 
Cushman,  Allerton  S.,  Discussion  on  Metal  protection,  169 
Cutting  metals,  See  Welding 

Dahm,  Sverre,  Correspondence  on  Harlem  River  tubes,  560 
Dams,  See  Canal 

Danforth,  George  H.,  Discussion  on  Highway  bridge  floors,  803 
Danforth,  R.  H.,  Correspondence  on  Tests  on  chain  grate  stoker,  49 
Darlington,  H.  P.,  Discussion  on  American  chemical  industries,  406 
Davis,  R.  P.,  Correspondence  on  Engineering  education,  76 
Davis,  R.  P.,  Discussion  on  Highway  bridge  floors,  782 
Dempster,  Alexander,  (obituary),  928 

Design  of  Bituminous  Mining  Plants ,  William  Archie  Weldin,  621 

Detail  and  Fabrication  of  Harlem  River  Tubes ,  Thomas  Duckworth,  538 

Dexter,  Gregory  M.,  Discussion  on  Engineering  education,  91 

Diescher,  Samuel,  (obituary),  930 

Dodge,  James  Mapes,  (obituary),  931 

Domes,  Blast  furnace  fuel,  See  Bosh 

Donaldson,  W.  E.,  Discussion  on  Slag,  901 

Dredging.  Harlem  River  tunnel,  518,  576,  579 

Drug  trade,  U.  S.,  391 

Duckworth,  Thomas,  Detail  and  Fabrication  of  Harlem  River  Tubes,  538 
Duff,  Samuel  E.,  Discussion  on  Electric  haulage,  605,  607 
Duff,  Samuel  E.,  Discussion  on  Engineering  education,  79 
Duff,  Samuel  E.,  Discussion  on  Harlem  River  tubes,  574,  577 
Duff,  Samuel  E.,  Discussion  on  Highway  bridge  floors,  796 
Duff,  Samuel  E.,  Discussion  on  Thermal  efficiency  of  electric  furnace,  501, 
504 

Dumping  devices,  593,  641,  655,  683,  694 
Dyestuffs,  391,  400,  402,  403,  409 
Earth.  Hauling,  See  Electric  haulage 
Education.  Relation  to  engineering,  56 

Effect  of  the  War  upon  the  American  Chemical  Industries,  J.  H.  James,  381 

Efficiency  of  electric  furnace,  Thermal,  488 

Efficiency  of  filtration  plant,  856,  866,  868 

Efficiency  of  furnace  with  mechanical  stoking,  1 

Electric  cars.  Weight,  737,  742 

Electric  control,  See  Electric  haulage 
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Electric  furnace,  255,  488 
Annealing  of  steel,  255 
Brass  melting,  502 
Calcium  carbide,  503 
Heat  loss,  490,  496 

Heat  treatment  of  steel,  255,  265,  502 
Induction  type,  506 

Net  heat  requirements,  489,  490,  493,  494 

Rivet  heating,  504 

Soaking  pit  heating,  264,  503 

Steel  metallurgy,  489,  499,  501,  509 

Steel  refining,  505 

Thermal  efficiency,  488,  500 

Zinc  smelting,  494,  500,  502,  507 

Electric  Furnace  for  Reheating ,  Heat  Treating  and  Annealing,  T.  F.  Baily,  255 
Electric  haulage,  584 

Cost,  596,  598,  603,  604 
Earth  haulage,  584,  603 

Locomotives  vs.  central  control,  584,  586,  596,  599,  601 
Motors,  585,  590,  598 
Safety,  598,  607 

Stone  haulage,  586,  601,  603,  605 
Third  rail,  587,  589,  591 
Underground,  607 
Vs.  Cableways,  585 
Vs.  Steam  haulage,  603,  605 
Electrolytic  corrosion.  See  Metal  corrosion 
Engineering  education,  56 
In  England,  57 

Six  year  course,  74,  76,  89,  93,  109,  112 
Fabrication  of  steel  tubes.  Harlem  River,  538 
Farrell,  James  A.,  Address  [at  annual  banquet,  1915 ],  223 
Fay,  Federick  H.,  Protection  of  Metal  Structures,  115 
Feeders,  See  Tipple 

Ferguson,  John  A.,  Discussion  on  Highway  bridge  floors,  803 

Ferguson,  John  A.,  Discussion  on  Local  sands,  371,  375 

Ferguson,  John  A.,  Discussion  on  Metal  protection,  186 

Ferguson,  John  A.,  Discussion  on  Slag,  896 

Fertilizer,  Slag,  893 

Filters,  See  Filtration 

Filtration,  827 

Baffling  in  sedimentation  basins,  864 

Coagulation,  837,  847,  878 

Construction  of  plant,  833,  872 

Costs,  867,  869,  881 

Efficiency  of  plant,  856,  866,  868 

Filters.  Comparison  of  types,  831,  854,  866,  868,  881 
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Gravel  for  filters,  846 
History,  827,  862 

Mechanical  vs.  slow  sand,  831,  868,  881, 

Operation,  870 

Rate,  840 

Sand  removal,  846 

Settling  basins,  837 

Slag  for  filters,  891 

Supervision  of  plant,  852,  875 

Troubles,  871 

Typhoid  reduction,  831,  857,  864 
Valves,  851,  875 

Washing  filters,  844,  859,  862,  875 
Fireproofing.  Use  of  slag,  891,  894 

Fleming,  Thomas,  Jr.,  Improvements  in  the  Art  of  Mechanical  Filtration,  8 
Floors,  See  Bridge  floors 

Fohl,  W.  E.,  Discussion  on  Thermal  efficiency  of  electric  furnace,  499 
Flue  gas,  45 

Fothergill,  H.  R.,  Discussion  on  Electric  furnace,  278 

Foundry.  Autogenous  welding,  See  Welding 

Frohrieb,  L.  C.,  Discussion  on  Pipe  couplings,  438,  447,  456 

Fuel,  Blast  furnace,  See  Bosh 

Fuel.  Low  grade  at  mine  plants,  672 

Furnace,  Reheating,  255 

Furnace,  See  also  Electric  furnace 

Furnace  efficiency,  See  Efficiency 

Furnace  slag,  See  Slag 

Gas.  Production,  479,  481 

Relation  to  oil  geology,  466,  477,  479 
Gas  Welding  and  Cutting:  Armor  Plate  Cutting ,  A.  F.  Mitchell,  711 
Gas  Welding  and  Cutting:  Lse  in  Steel  Foundries ,  J.  B.  Henry,  707 
Gas  Welding  and  Cutting:  Welding  Heavy  Parts ,  C.  K.  Bryce,  696 
Gaskets,  420,  424,  432,  435,  436,  437,  443 
Gasoline.  Effect  on  rubber  gaskets,  420,  435,  436,  437 
Gasoline.  Oklahoma  oils,  482 

Gastmeyer,  R.  W.,  Correspondence  on  Highway  bridge  floors,  813 
Gate  valves,  Hydraulic  operated,  851,  875 

Gates,  Howard  B.,  Correspondence  on  Harlem  River  tubes,  565 

Geology,  Coal,  See  Coal  geology 

Geology.  Sands  of  Western  Pennsylvania,  368,  369 

Gilg,  Henry  T.,  Correspondence  on  Slag,  908 

Godfrey,  Edward,  Discussion  on  Engineering  education,  99 

Godfrey,  Edward,  Discussion  on  Highway  bridge  floors,  801 

Godfrey',  Edward,  Discussion  on  Local  sands,  370,  371,  373 

Goodale,  Stephen  L.,  Discussion  on  Electric  furnace,  279 

Goodale,  Stephen  L.,  Discussion  on  Oil  industry,  472 
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Goodale,  Stephen  L.,  Discussion  on  Thermal  efficiency  of  electric  furnace, 
508 

Goss,  W.  F.  M.,  A  Problem  of  the  Modern  City ,  229 

Grammer,  Frederick  Louis,  Bosh  Fuel  Domes,  609 

Granulated  Slag,  See  Slag 

Gravel.  See  Concrete  aggregates,  Filtration 

Greth,  J.  C.  William,  (obituary).  932 

Hager,  Dorsey,  Discussion  on  Oil  industry,  482 

Handy,  James  O.,  Correspondence  on  American  Chemical  industry,  400 

Handy,  James  O.,  Correspondence  on  Mechanical  filtration,  870 

Handy,  James  O.,  Correspondence  on  Slag,  906 

Harlem  Four-track  Subway  Tunnel,  Olaf  Hoff,  517 

Harlem  River  tubes,  See  Tubes,  Harlem  River.  Tunnel,  Harlem  River 

Haulage,  See  Electric  haulage.  Mine  haulage. 

Hawley,  W.  C.,  Discussion  on  Mechanical  filtration,  862 

Hawley,  W.  C.,  Discussion  on  Pipe  couplings,  455 

Heat  loss,  See  Electric  furnace 

Heating  furnaces,  Continuous,  263 

Heating  furnaces,  Electric,  255,  502,  509 

Heating  value  of  coal,  13 

Henry,  J.  B.,  Gas  Welding  and  Cutting:  Use  in  Steel  Foundries,  707 

Highway  Bridge  Floors,  Charles  M.  Spofford,  727 

Hildner,  L.  F.  W.,  Discussion  on  Harlem  River  tubes,  575 

Hiles,  Elmer  K.,  Discussion  on  Electric  haulage,  607 

Hiles,  Elmer  K.,  Discussion  on  Pipe  couplings,  445,  446 

Hiles,  Elmer  K.,  Discussion  on  Thermal  efficiency  of  electric  furnace,  502,  503 

Hines,  C.  C.,  Discussion  on  Oil  industry,  481 

Hoff,  Olaf,  Harlem  Four-track  Subway  Tunnel,  517 

Holbrook,  D.  O.,  Discussion  on  Pipe  couplings,  442,  443,  445,  447,  448,  452, 
453 

Hood,  O.  P.,  Discussion  on  Tests  on  chain  grate  stoker,  45 
Hoopes,  William,  Discussion  on  Electric  Furnaces,  276,  282,  283 
Housing,  See  Bath  house.  Bituminous  mining  plants 

Hunter,  John  A.,  Tests  on  a  Recent  Type  of  Chain  Grate  Stoker  and  New 
Method  of  Baffling  Stirling  Boilers,  1 
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Improvement  in  the  Art  of  Mechanical  Filtration,  Thomas  Fleming,  Jr.,  827 
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Industrial  outlook,  223 

Influence  of  the  Cushing  Pool  in  the  Oil  Industry,  Roswell  H.  Johnson  &  L.  G. 
Huntley,  460 

Inspection  of  the  Magnolia  Cut-off  Improvement,  Baltimore  and  Ohio  Railroad, 
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taining  his  paper.  He  may  also  have  any  additional  number  he  desires 
at  ten  cents  each,  provided  they  are  ordered  before  going  to  press. 

Subscription  price,  $5.00  per  annum.  To  colleges  and  public 
libraries  who  agree  to  bind  and  catalogue,  subscription  price  is  $2.00 
per  annum. 

Back  numbers  that  are  becoming  scarce  are  higher.  Prices  will 
be  quoted  by  the  Secretary. 

Back  volumes  are  for  sale  at  the  following  price:  Volumes  1,  5,  6, 
7,  8,  9,  10,  paper  bound,  $2.00;  cloth  bound,  $2.75. 

Sets  of  Volumes  11,  12,  13,  14,  15,  16  ready  for  binding,  $2.00; 
bound  in  cloth,  $2.75. 

Volumes  17,  18,  19,  20,  21,  22,  23,  24,  25,  26,  27,  28,  29  and  30  ready 
for  binding,  $5.00;  cloth  bound,  $5.75. 

Volumes  2,  3  and  4  cannot  be  furnished. 
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Academy  of  Natural  Science,  Pro¬ 
ceedings 

American  Institute  of  Electrical  En¬ 
gineers,  Proceedings 

American  Institute  of  Mining  En¬ 
gineers,  Bulletin 

American  Iron  &  Steel  Institute, 
Bulletin 

American  Society  of  Civil  Engi¬ 
neers,  Proceedings 

American  Society  of  Mechanical 
Engineers,  Proceedings 

American  Society  of  Naval  Engi¬ 
neers,  Journal 

American  Water  Works  Associa¬ 
tion,  Bulletin 

American  Railway  Engineering 
and  Maintenance  of  Way  Asso¬ 
ciation,  Bulletin 

Association  of  Engineering  Societies, 
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Annales  de  L’Association  des  In- 
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Anales  de  la  Sociedad  Cientifica 
Argentina 

Boston  Society  of  Civil  Engineers, 
Journal. 

Chamber  of  Mines,  Monthly 
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Chemical  News 

Cleveland  Engineering  Society,  Jour¬ 
nal 

Coal  and  Coke  Operator 

Coal  Trade  Bulletin 


Cold  Storage  and  Ice  Trade 
Journal 

Colliery  Engineer,  The 
Compressed  Air 
Concrete 

Concrete  Institute,  Transactions 
Contractor,  The 
Cornell  Civil  Engineer 

Electric  Journal 
Electric  Railway  Journal 
Electrical  Review 
Electrical  World 
Engineering 
Engineering  Magazine 
Engineering  &  Mining  Journal 
Engineering  News 
Engineering  Record 
Engineering — Contracting 
Engineers  Club  of  Dayton,  Pro¬ 
ceedings 

Engineers’  Club  of  Philadelphia, 
Proceedings 

Engineering  Journal,  Canada 
Engineering  Digest 

Fire  &  Water  Engineering 
Foundry 

Franklin  Institute,  Journal  of  the 
Fuel  Oil  Journal 

Gas  Industry 

General  Electric  Review 

Harvard  Engineering  Journal 
Heating  &  Ventilating  Magazine 

Ice  and  Refrigeration 
Industrial  Engineering 
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Industrial  &  Engineering  Chem¬ 
istry,  Journal  of 
Industrial  Magazine 
Industrial  World 

Institution  of  Mechanical  Engineers, 
Journal  of  the 

Institution  of  Mining  Engineers, 
Transactions  of  the 
Iowa  Engineering  Society,  Proceed¬ 
ings 

Iron  Age 

Iron  &  Coal  Trades  Review 
Iron  Trade  Review 
Isolated  Plant. 

Kansas  Engineering  Society,  Pro¬ 
ceedings 

Les  Mois  Scientifique  et  Indus¬ 
trial 

Leslie’s  Weekly 

Maschinen  Kronstrukteur 
Mechanical  World 
Metal  Worker 

Metallurgical  &  Chemical  Engi¬ 
neering 

Mexican  Mining  Journal,  The 
Mines  &  Minerals 
Municipal  Engineering 

National  Engineer 
Natural  Gas  Journal 
New  England  Water  Works  Asso¬ 
ciation,  Journal 

Official  Gazette  U.  S.  Patent 
Office  (Washington) 

Official  Journal,  Patents  (Lon¬ 
don) 

Outlook 

Popular  Electricity  &  Modern  Me¬ 
chanics 
Power 

Professional  Memoirs 
Practical  Engineer 


Railway  Age  Gazette 
Railway  Club  of  Pittsburgh,  Pro¬ 
ceedings 

Railway  Engineering 
Railway  Review 
Review  of  Reviews 
Refrigerating  World 
Revista  de  Construciones  Y  Agri- 
mensura 

Revista  de  Obras  Publicas  E 
Minas 

Revue  de  L’lgenieur  et  Index 
T  echnique 

Royal  Society  of  Arts,  Journal 

Safety  Engineering 
Scientific  American 
School  of  Mines  Quarterly 
Scientific  American  Supplement 
Sibley  Journal  of  Engineering 
Society  of  Chemical  Industry, 
Journal  of  the 
St.  Louis  Railway  Club 
Steel  &  Iron 

Technical  Index 
Technical  Literature 
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Technology  Quarterly 
Technology  Review 
Teknisk  Tidskrt 

Transactions  of  the  Liverpool 
Eng.  Society 

L  nited  States  Artillery,  Journal 
of  the 

University  of  Illinois  Bulletin 

Western  Society  of  Engineers, 
Journal  of  the 
Western  Railway  Club 

Zeitschrift  des  Vereines  Deuts- 
cher  Ingenieure 


Space  in  the  Proceedings  will  be  given  to  members  desiring  infor¬ 
mation  of  an  engineering  nature. 


Members  can  have  their  Proceedings  bound  at  $1.00  per  volume. 
Send  your  unbound  volumes  to  the  Secretary. 
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PROFESSIONAL  CARDS 


K.  F.  STAHL,  Consulting  Chemist 

Economical  use  of  acids  in  pickling. 
Utilization  or  recovery  of  waste  products. 
Improvements  and  economy  in  manufacture 
and  use  of  chemicals. 

57th  St.  &  A.  V.  Ry.  PITTSBURGH,  PA. 

WM.  McCLURG  DONLEY 
MUNICIPAL  ENGINEER 

Mem.  Am.  Soc.,  C.  E. 

Engineer  for  Carrick,  Mt.  Oliver,  St.  Clair, 
Knoxville  and  Baldwin  Twp. 

Mt.  Oliver  Station,  Pittsburgh,  Pa. 

THE  W.  Q.  WILKINS  COMPANY 
ENGINEERS  AND  ARCHITECTS 
Westinghouse  Building,  Pittsburgh,  Pa. 

Wm.  Glyde  Wilkins,  Mem.  Am.  Soc.,  C.  E. 
Jos.  F.  Kuntz,  Architect 

Wilber  M.  Judd,  Mem.  Soc.,  C.  E. 

S.  DIESCHER  &  SONS 

Consulting,  Mechanical  and  Civil  Engineers 

IRON  AND  STEEL  WORKS  AND  GENERAL 
MANUFACTURING  PLANT8 

1503-4-5-6  Farmers  Bank  Building, 
Pittsburgh,  Pa. 

PITTSBURGH  Testing  Laboratory 

Inspecting  and  Metallurgical 
Engineers  and  Chemists 

Seventh  and  Bedford  Aves.  Pittsburgh,  Pa. 

Telephone  Highland  468-W 

Francis  Z.  Schellenberg,  C.  E. 

Consulting  Engineer 

Railroads — Mines — Coal  Lands 
Address,  5746  Howe  St.,  Pittsburgh,  Pa. 

W.  E.  FOHL 

Consulting  Engineer 

Farmers  Bank  Building,  Pittsburgh,  Pa. 

Financial,  Development  and  Operating 
Reports  on  Coal  and  Coke  properties 

SAMUEL  E.  DUFF 

Consulting  Engineer 

Designing,  Superintendence,  Inspection, 
Examinations  and  Reports  on  Manufacturing 
Plants  for  purposes  of  extension  or  rear¬ 
rangement  to  secure  economy  of  operation. 

EMPIRE  BUILDING,  PITTSBURGH,  Pa. 

ASSOCIATED  GEOLOGICAL  ENGINEERS 
Fredrick  G.  Clapp 

Managing  Geologist 

Consulting  Specialists  on 

Oil  and  Gas  Problems  Water  Supplies 

Mining  and  Treatment  of  Ores 

331  Fourth  Avenue,  Pittsburgh 

FREDERICK  W.  WINTER 

Counselor  at  Law 

Patent,  Trade-Mark  and  Copyright  Causes 

1344  Oliver  Building,  Pittsburgh 

GEORGE  P.  THOMAS 
STANDARD  BRIDGE  TOOL  COMPANY 

Thomas  Spacing  Tables  and  Punching  Ma¬ 
chinery.  Steel  Car  Shops,  Bridge  Shops  and 
Boiler  Shops  a  Speciality. 

Bessemer  Building,  Pittsburgh,  Pa. 

KAY,  TOTTEN  &  POWELL 

Counselors  at  Law 

Patents  and  Patent  Causes 

1359-62  Frick  Building  Annex,  Pittsburgh,  Pa. 

Bell  Court  2322 

GEO.  J.  HAGAN  CO. 

STOKER  FIRED  FURNACES 

Save  20%  to  75%  cost  of  fuel.  700  in  operation 

Peoples  Bank  Bldg.,  Pittsburgh,  Pa. 

M.  ARTHUR  KELLER 

Patent  Attorney 

Oliver  Building 

Pittsburgh 

WALTER  W.  MACFARREN 
Mechanical  Engineer 

And  Solicitor  of  Patents 
Bessemer  Building  Pittsburgh,  Pa. 

Designer  of  Special  Machinery 


When  writing  Advertisers  please  mention  “Proceedings” 
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PROFESSIONAL  CARDS— CONTRACTORS 


EMIL  SWENSSON,  C.  E.,  mem.  am.  soc.  c.e. 

Consulting  and  Constructing  Engineer. 

Telephone,  Bell  3353  Court  925  Frick  Building  PITTSBURGH,  PA. 

Bridges,  Elevated  Roads,  Office  and  Mill  Buildings,  Cars,  Ocean  Piers  and  Docks,  Ore  and  Coke 
Bins  and  other  Steel  Structures;  Manufacturing  Plants,  Rail  Roads,  Rapid  Transit  Systems  and 
Street  Railways,  Foundations,  Examinations,  Valuations  and  Reports  for  investment. 


PYU(  KMETERS 

TALK  PHICE-NVK  CANNOT  COMPETE 

TALK  QUALITY— WK  HAVE  NO  COMPETITION 

The  Stupakoff  Laboratories  1,1 


JULIAN  KENNEDY 
ENGINEER 


Cable  Address 
ENGINEER,  Pittsburgh 


PITTSBURGH,  PA.,  U.  S.  A. 


PITTSBURGH  PIPING  AND  EQUIPMENT  CO. 

Piping  Engineers  and  Contractors 

Complete  Piping  Installations  for  Power  Plants  of  all  kinds 

Office  and  Works,  35th,  Charlotte  and  Smallman  Sts.,  PITTSBURGH,  PA. 

Boston  Cleveland  Chicago  Birmingham  San  Francisco 


PITTSBURGH  VALVE,  FOUNDRY  &  CONSTRUCTION  CO. 

Engineers,  Founders,  Pipe  Fitters  and  Machinists 

Complete  Erection  of  Piping  a  Specialty.  Estimates  Cheerfully  Furnished 

Office  and  Works,  26th  Street  and  A.  V.  R.  R.  PITTSBURGH,  PA. 


ROBERT  W.  HUNT  &  CO. 

Bureau  of  Inspection,  Tests  and  Consultation 

NEW  YORK  CHICAGO  PITTSBURGH 

—INSPECTION  OF- 

Rails  and  Fastenings,  Electrical  Equipments,  Cars,  Locomotives, 

Pipes,  Machinery,  Etc. 

Bridges,  Buildings  and  other  Structures 

Chemical  and  Physical  Laboratories.  Reports  and  Estimates  on  Prop¬ 
erties  and  Processes. 


G.  W.  McCLURE,  SON  &  CO. 

ENGINEERS  AND  CONTRACTORS 

Fire  Brick  Hot  Blast  Stoves 
Blast  Furnace  Construction, 

Open  Hearth  and  Heating  Furnaces 

BESSEMER  BUILDING,  PITTSBURGH,  PA. 


GULICK-HENDERSON  CO. 

Inspecting  and  Testing  Engineers 
Physical  and  Chemical  Laboratories 
439  Third  Ave.,  Pittsburgh 
Chicago  New  York 


When  writing  Advertisers  please  mention  “Proceedings” 
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To  the  Engineer 

Cfl  We  have  an  attractive  proposition  for  the  use  of 
Central  Station  power  service  in  large  industrial 
establishments.  If  you  are  designing  any  plant  ad¬ 
ditions  or  rebuilding,  we  would  be  pleased  to  have 
an  opportunity  to  submit  this  proposition  before 
you  make  your  final  decision  as  to  the  power  to 
be  used.  We  feel  we  can  save  your  client  money 
in  the  operation  of  his  plant.  Call  4300  Grant  and 
ask  to  have  our  power  Engineer  call. 

Duquesne  Light  Company 

435  SIXTH  AVENUE,  PITTSBURGH 


NATIONAL 
BA  N# 


PITTSBURGH 


Because  of  location,  equipment, 
personnel  and  resources,  this  bank 
is  prepared  to  extend  a  service  bet¬ 
ter  than  the  best  in  handling  your 
personal  or  business  account. 


Fifth  and  Liberty  Aves. 


ASSETS  *7, 500.000.00 


Fort  Pitt  Hotel 

Penn  Avenue  and  Tenth  Street 
Pittsburgh,  Pa. 

C.  A.  Blanchard  -  Manager 


When  writing  Advertisers  please  mention  “Proceedings” 
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POWER  PLANT  EQUIPMENT 


ELLIOTT  COMPANY 

6945  Susquehanna  St. 


PITTSBURGH.  PA. 


Protection 


For  your  water 
handling  and 
water  using  ap¬ 
paratus-pumps, 
condensers,  etc.— 
means  using 


THE  TWIN  WATER  STRAINER 

One  straining  basket  can  be  removed  and 
cleaned  without  interrupting  the  flow.  One 
basket  always  in  service — straight  unob¬ 
structed  flow — simple  wear-proof  valves — 
easy  access — perforations  in  straining  bas¬ 
ket  to  suit  your  service. 


Twin  Water 
Strainers 


For  efficient  service,  your  water  handling  and 
water  using  equipment  must  have  a  continuous 
supply  of  clean  water,  and  the  best  insurance  for 
this  continuous  supply  is  a  Twin  Water  Strainer. 
It  is  the  only  direct  flow  Strainer  that  gives  con¬ 
tinuous  service. 


Over  Five  Hundred  now  in  use 
in  the  Pittsburgh  Territory 

MANUFACTURERS  OF 

Twin  Strainers,  Filters  and  Grease  Extractors,  Oil  Filters  and 
Purifiers,  Feed  Water  Heaters,  Oil  and  Steam  Separators, 
Blow-Off  Valves,  Reducing  Valves,  Feed  Water  Regula¬ 
tors,  Pump  Governors,  Steam  Traps,  Balanced 
Valves  and  General  Power  Accessories. 


When  writing  Advertisers  please  mention  “Proceedings” 
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MACHINERY 


Westinghouse  Electric  &  Mfg.  Co. 


Address  Nearest  District  Office  for  Information 


Atlanta 
Baltimore 
Boston 
Buffalo 
Chicago 


Cincinnati  Detroit  Los  Angeles  New  York 

Denver  Kansas  City  New  Orleans  Philadelphia 

Westinghouse  Elec.  &  Mfg.,  Co.  Ltd.,  Dallas  and  El  Paso,  Tex. 

Canada:  Canadian  Westinghouse  Co.  Ltd.,  Hamilton,  Ont. 

Mexico:  Compania  Ingeniera,  Imdorladora  y  Contratista,  S.  A.,  Successors  to 
G.  &  O.  Braniff  Company,  City  of  Mexico 


Pittsburgh 
St.  Louis 
Salt  Lake  City 
San  Francisco 
Seattle 


The  Westinghouse  Machine  Co. 

Designers  and  Builders  of  Steam  Engines,  Steam 
Turbines,  Gas  Engines,  Gas  Producers,  Con¬ 
densers  and  the  Roney  Mechanical  Stoker. 

For  Particulars  Address  Nearest  Sales  Office: 

Atlanta,  Candler  Bldg. 

New  York,  165  Broadway.  •  St.  Louis,  Chemical  Bldg. 

Boston,  131  State  Street.  Pittsburgh,  Westinghouse  Bldg. 

Cleveland,  Swetland  Bldg.  Philadelphia,  N.  American  Bldg. 

Chicago,  39  South  La  Salle  Street.  Denver,  Gas  &  Electric  Bldg. 

Cincinnati,  Traction  Bldg.  San  Francisco,  Hunt,  Mirk  &  Co. 


FOR  HIGH  PRESSURE  AND  EXACTING  SFRVICE  THE 

HOMESTEAD  VALVE 

Is  unequaled.  The  patent  construction  of  this  valve  prevents  leakage  and  insures  ease 
and  speed  of  operation. 

Made  in  Straightway,  Threeway  and  Fourway  patterns  for  high  and  low  pressures. 

Our  booklet  tells  why  it  has  the  above  advantages  and  will  be  sent  on  request. 

HOMESTEAD  VALVE  MFG.  CO. 

Works,  Homestead  P.  O.  Box  1754,  Pittsburgh,  Pa. 


PITTSBURG  CONSTRUCTION  C03IP ANY 

Diamond  Bank  Building,  PITTSBURGH, 

Coal  Tipples,  Trestle  Work,  Grading,  Masonry 
MILL  BUILDINGS — Constructed  of  Brick,  Wood,  Stone,  Concrete  and  Steel 


W.  N.  KRATZER  &,  COMPANY,  manufacturers 

Structural  Steel  Work 


Mill  Buildings,  Steel  and  Concrete  Construction 

Beams,  Channels,  Angles,  etc.  in  stock  for  Rush  Orders 

3212  to  3230  Smallman  Street,  Pittsburgh,  Pa. 


When  writing  Advertisers  please  mention  “Proceedings” 
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MODERN  GAS  ENGINES 

FOR  ANY  FUEL  GAS  > 


LOW  COST  OF  ATTENDANCE.  DEPRECIATION  AND  REPAIRS 
HIGH  MECHANICAL  AND  THERMAL  EFFICIENCY 
CORRECT  REGULATION  BY  SIMPLEST  MEANS 

WRITE  FOR  BULLETIN  “I”) 

MESTA  MACHINE  COMPANY 

PITTSBURGH,  PA.,  U.  S.  A. 


MACKINTOSH,  HEMPHILL  &  COMPANY 


FORT  PITT  FOUNDRY 


Twelfth  and 
Etna  Streets, 

Pittsburgh.  Pa. 

Manufacturers  of  — 

Rolling  Mills, 

H>draulic  or 
Cleared  Shears, 
Presses, 

Punches,  Riveters. 

CORLISS.  REVERS¬ 
ING  and  BLOWING 

ENGINES 


Iron,  Steel  and  Brass 
Castings. 


Miscellaneous  Iron  and  Steel  Works  Machinery 


When  writing  Advertisers  please  mention  Proceedings’ 
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Jas.  H.  Johnston . 26 
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Bronzes. 

Damascus  Bronze  Co . 3d  cover 
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Coal  and  Coke  Works  Equipment. 

Phillips  Mine  &  Mill  Supply  Co . 19 
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Jeffrey  Mfg.  Co . 19 
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Concrete  Construction. 

Atlas  Portland  Cement  Co . 23 

W.  N.  Kratzer  &  Co . 12 

Contractors. 

Dravo-Doyle  Co . 17 

Pittsburgh  Construction  Co . 12 

Pittsburgh  Piping  &  Equipment  Co .  9 
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W.  W.  Macfarren . 8 
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Electric  Furnaces. 

Wile  Electric  Furnace  Co . 20 
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Duquesne  Light  Co . 10 

Elevators  and  Conveyors. 

Jeffrey  Mfg.  Co . 19 

Emery  Wheels. 

Somers,  Fitler  &  Todd  Co . 15 

Engineering  Instruments 

B.  K.  Elliott  Co . 24 

The  Lufkin  Rule  Co . 24 

Pittsburgh  Instrument  &  Machine  Co . 24 

S.  H.  Stupakoff .  9 

Engines — Blowing,  Corliss  Reversing. 

Mackintosh,  Hemphill  &  Co . 13 

Westinghouse  Machine  Co . 12 

Mesta  Machine  Co . 13 

Engines — Gas. 

Mesta  Machine  Co . 13 

Westinghouse  Machine  Co . 12 

Engines — Steam. 

Dravo-Doyle  Co . 17 

Mackintosh,  Hemphill  &  Co . 13 

Mesta  Machine  Co . 13 

Westinghouse  Machine  Co . 12 

Engraving. 

Robert  Rawsthorne  Eng.  Co . 24 

Feed  Water  Heaters  and  Purifiers. 

Wm.  B.  Scaife  &  Sons  Co . 17 

Filters,  Water. 

Wm.  B.  Scaife  &  Sons  Co . 17 

Fire  Brick. 

Kier  Fire  Brick  Co . 21 

Forging  Presses. 

Mesta  Machine  Co . 13 

Gas  Meters. 

Pittsburgh  Meter  Co . 17 

Gas  Producers 

The  Westinghouse  Machine  Co . 12 

Qc^rs* 

Taylor-Wilson  Mfg.  Co . 15 

Geologists. 

F.  G.  Clapp .  8 

Generators. 

Westinghouse  Electric  &  Mfg.  Co . 12 

Gravel. 

Iron  City  Sand  Co . 21 

Rodgers  Sand  Co . 21 

Grinding  Wheels. 

Somers,  Fitler  &  Todd  Co . 15 

Half  Tones. 

Robert  Rawsthorne  Engraving  Co . 24 
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Union  Spring  and  Manufacturing  Company 

Manufacturers  of  Steel  Castings,  Coil  Springs,  Spring 
Plates,  Elliptic  Springs,  Journal  Box  Lids, 

Kensington  Journal  Boxes 

GENERAL  OFFICES,  FIRST  NATIONAL  BANK  BUILDING,  PITTSBURGH.  PA. 

50  Church  Street,  New  York,  N.  Y.  700  Fisher  Building,  Chicago,  III. 

Missouri  Trust  Building,  St.  I.ouis,  Mo. 

American  National  Bank,  Richmond,  Va. 

WORKS,  NEW  KENSINGTON,  PA. 


NORTON  GRINDING  WHEELS 

ALUNDUM  —  --  -  CRYSTOLON 

- EXCLUSIVE  AGENTS - 

LARGE  STOCK  ALWAYS  ON  HAND 

Somers,  Fitler  &  Todd  Co. 

327  Water  Street,  PITTSBURGH,  PA. 


Xaylor-Wilson  Manufacturing  Co. 


MANUFACTURERS  OF 


PIPE  MILL  MACHINERY 

Pipe  Threading  and  Cutting  Machines,  Socket  Tappers,  Testing 
Benches,  Cross  Rolls,  Socket  Reamers  and  other  machinery  used 
in  the  manufacture  of  Wrought  Iron  Pipe.  Special  Machinery. 

MACHINE  MOULDED  GEARS 

THOMSON  AVENUE,  Telephone  171  Victor  McKEES  ROCKS,  PA. 
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Hot  Blast  Stoves. 

G.  W.  McClure,  Sons  &  Co .  9 

Hotels. 

Fort  Pitt  Hotel . 10 

Inspectors. 

Gulick-Henderson  Co .  9 

Hunt,  R.  W.  &  Co .  9 

Pittsburgh  Testing  Laboratory .  8 

Iron  Castings. 

Mackintosh,  Hemphill  &  Co . 13 

Mesta  Machine  Co . 13 

Iron  and  Steel  Works  Equipment. 

Mackintosh,  Hemphill  &  Co . 13 

Locomotives — Electric. 

Jeffrey  Mfg.  Co . 19 

Machine  Tools. 

Morse  Twist  Drill  &  Machine  Co . 20 

Somers,  Fitler  &  Todd  Co . 15 

Taylor-Wilson  Mfg.  Co . 15 

Machinery  Supplies. 

Somers,  Fitler  &  Todd . 15 

Alachinists. 

Somers,  Fitler  &  Todd  Co . 15 

Alachinists  Tools. 

Morse  Twist  Drill  &  Machine  Co . 20 

Alalleable  Iron  Castings. 

The  McConway  &  Torley  Co . 4th  cove 

Aleters. 

National  Meter  Co . 17 

Pittsburgh  Meter  Co . 17 

Alill  Builders. 

W.  N.  Kratzer  &  Co . 12 

Pittsburgh  Construction  Co . 12 

Alill  and  Mine  Supplies. 

Phillips  Mine  &  Mill  Supply  Co . 19 

Pittsburgh  Piping  &  Equipment  Co. .......  9 

Pittsburgh  Valve  Foundry  &  Construction 

Co .  9 

Somers,  Fitler  &  Todd  Co . 15 

Alining  Alachines  and  Drills. 

Jeffrey  Mfg.  Co . 19 

Alotors. 

Westinghouse  Electric  &  Mfg.  Co . 12 

Nails. 

Jones  &  Laughlin  Steel  Co . 20 

Oil  Filters. 

Elliott  Company . 11 

Piling  (steel  sheet  interlocking) 

Jones  &  Laughlin  Steel  Co . 20 

Pipe  Mill  Alachinery. 

Taylor-Wilson  Mfg.  Co . 15 

Piping. 

Pittsburgh  Piping  &  Equipment  Co .  9 

Pittsburgh  Valve,  Foundry  &  Construction 
Co .  9 

Plaster. 

D.  J.  Kennedy  Co . 23 


Power — Electric. 

Duquesne  Light  Co . 10 

Power — Electric. 

Duquesne  Light  Co . 10 

Power  Plants. 

Westinghouse  Electric  &  Mfg.  Co . 12 

Westinghouse  Machine  Co . 12 

Power  Plant  Specialties. 

Dravo-Doyle  Co . 17 

Elliott  Company . n 

Green  Engineering  Co . 26 

Homestead  Valve  Mfg.  Co . 12 

Jas.  H.  Johnston . 26 

Pittsburgh  Meter  Co . 17 

Pittsburgh  Piping  &  Equipment  Co .  9 

Pittsburgh  \  alve,  Foundry  &  Construction 

Co .  9 

Steam  Equipment  Mfg.  Co . 26 

Presses,  Punches. 

Mackintosh,  Hemphill  &  Co . 13 

Printing. 

Robert  Rawsthorne  Engraving  Co . 24 

Publications. 

Engineering  and  Contracting . 21 

Metallurgical  &  Chemical  Engineering . 25 

Pulleys. 

Jones  &  Laughlin  Steel  Co . 20 

Pyrometers. 

S.  H.  Stupakoff .  9 

Rods. 

Jones  &  Laughlin  Steel  Co . 20 

Rolling  Mills. 

Mackintosh,  Hemphill  &  Co . 13 

Mesta  Machine  Co . 13 

Rolls. 

Phoenix  Roll  Works — Seaman,  Sleeth  Co.  .15 
Mesta  Machine  Co . 13 

Rules  and  Tapes. 

B.  Iv.  Elliott  Co . 24 

Lufkin  Rule  Co . 24 

Sand. 

Iron  City  Sand  Co . 21 

Rodgers  Sand  Co . 21 

Screens. 

Phillips  Mine  &  Mill  Supply  Co . 19 

Scientific  Instruments. 

S.  H.  Stupakoff .  9 

Shafting — Hangers. 

Jones  &  Laughlin  Steel  Co . 20 

Mackintosh,  Hemphill  &  Co . 13 

Spikes. 

Jones  &  Laughlin  Steel  Co . 20 

Springs. 

Union  Spring  &  Mfg.  Co . 15 

|\S 

Wm.  B .[Scaife  &  Sons[Co . 17 


METERS— MACHINERY 


17 


Water 


CROWN,  EMPIRE, 
NASH,  GEM  and 
PREMIER 


Positive  Displacement  and  Velocity 
For  %  inch  to  60  inch  Pipes 

National  Meter  Company 

HOUSE  BUILDING 

PITTSBURGH,  PA. 


NEW  YORK  OFFICE 
84  &  86  Chambers  St. 


WATER 


NIN 


AND 


F"  1 1 — T  R?  AT  I O  r\l 

FOR  BOILER  FEED  AND  ALL  OTHER  USES 

WM.  B  SCAIFE  5  SONS  CO..  PITTSBURGH.  PA 


Dravo  -  Doyle  Company 

Merchant  Engineers 


Pittsburgh  Cleveland  Philadelphia  Chicago 
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Steam  Goods. 

Elliott  Company . 11 

Homestead  Valve  Mfg.  Co . 12 

Jas.  H.  Johnston . 26 

Steam  Equipment  Mfg.  Co . 26 

Steel  (structural). 

Jones  &  Laughlin  Steel  Co . 20 

Steel  Castings. 

The  McConway  &  Torley  Co . 4th  cover 

Mackintosh,  Hemphill  &  Co . 13 

Mesta  Machine  Co . 13 

Union  Springl&  Mfg.  Co . 15 

Stokers — Mechanical. 

American  Engineering  Co . 2d  cover 

Green  Engineering  Co . 26 

George  J.  Hagan .  8 

Steam  Equipment  Mfg.  Co . 26 

Westinghouse  Machine  Co . 12 

Structural  Steel. 

Jones  &  Laughlin  Steel  Co . 20 

Pittsburgh  Construction  Co . 12 

Surveying  Instruments. 

B.  K.  Elliott  Co . 24 

Lufkin  Rule  Co . 24 

Pittsburgh  Inst.  &  Mach.  Co . 24 

TT  3  n  ks 

Wm.  B.  Scaife  &  Sons  Co . 17 

T  apes 

The  Lufkin  Rule  Co . 24 

Tin  Plate. 

Jones  &  Laughlin  Steel  Co . 20 


Transmission  Equipment. 

Jones  &  Laughlin  Steel  Co . 20 

Tube  Mill  Equipment. 

Taylor-Wilson  Mfg.  Co . 15 

Turbines — Steam . 

Dravo-Doyle  Company . 17 

Westinghouse  Machine  Co . 12 

Valves. 

Homestead  Valve  Mfg.  Co . 12 

Jas.  H.  Johnston . 26 

Pittsburgh  Piping  &  Equipment  Co .  9 

Pittsburgh  Valve,  Foundry  &  Construction 

Co .  9 

Steam  Equipment  Mfg.  Co . 26 

Water  Filters. 

Elliott  Company . 11 

Wm.  B.  Scaife  &  Sons  Co . 17 

Water  Meters. 

National  Meter  Co . 17 

Pittsburgh  Meter  Co . 17 

Water  Softening  and  Purifying  Systems. 

Wm  B.  Scaife  &  Sons  Co . 17 

Water  Strainers. 

Elliott  Company . 11 

Wood  Preserving. 

Pittsburgh  Wood  Preserving  Co . 19 

Wire — Copper,  Electric. 

Jones  &  Laughlin  Steel  Co. . . 20 

Westinghouse  Electric  &  Mfg.  Co . 12 


CLASSIFIED  PROFESSIONAL  CARDS. 


Attorneys — Patent. 

Kay,  Totten  &  Powell .  8 

Keller,  M.  Arthur .  8 

Winter,  Frederick  W .  8 


Chemists. 

Stahl,  K.  F .  8 


Engineers — Civil. 

Diescher,  S.  &  Sons .  8 

Donley,  Wm.  Me .  8 

Duff,  Samuel  E .  8 

Hunt,  Robert  W.  &  Co .  9 

Schellenberg,  F.  Z .  8 

Swensson,  Emil .  9 

Wilkins  Co.,  W.  G .  8 


Engineers — Chemical. 

Hunt,  Robert  W.  &  Co .  9 

Pittsburgh  Testing  Laboratory .  8 


Engineers — Mechanical. 

Diescher,  S.  &  Sons .  8 

Hagan,  George  J .  8 

Kennedy,  Julian .  9 

Macfarren,  Walter  W .  8 

McClure,  Son  &  Co .  9 

Stupakoff,  S.  H .  9 

Thomas,  Geo.  P .  8 

Engineers — Mining. 

Clapp,  Frederick  G .  8 

Fohl,  W.  E .  8 

Schellenberg,  F.  Z .  8 

Geologists. 

Clapp,  F.  G .  8 

Inspectors. 

Gulick-Henderson  Co .  9 

Hunt,  R.  W.  &  Co .  9 

Pittsburgh  Testing  Laboratory .  8 

Power  Plant  Engineers. 

Dravo-Doyle  Co . 17 
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ESTABLISHED  1863 

Phillips  Mine  &  Mill  Supply  Co. 

PITTSBURGH,  PA. 

WorKs,  SovilH  23d.  2-4tH.  Jane  and  Mary  Streets 
Office.  222 7  Jane  Street 

Screens,  Gar  D  umps. 

Screen  Bars,  Cars, 

Screening  Plants  Car  W^Keels 

Complete,  Larry  Wagons, 

HitcHings,  Etc. 

LtT  US  SUBMIT  PLAN S  AND  ESTIMATES. 

Manufacture  s  of 

Coal  and  coke  works  Equipment 


JEFFREY 


COMPLETE  COAL  MINE 
EQUIPMENTS 

Elevating,  Conveying  and  Cower  Trans¬ 
mission  Machinery,  Crushers, 

Pulverizers,  Chains,  Etc. 

SEND  FOR  OUR  LATEST  CATALOGS  AND  BULLETINS 

JEFFREY  MFG.  CO.,  -  COLUMBUS,  O. 


STANDARD  CHAIN  COMPANY 

PITTSBURGH,  PA. 

CHAINS  OF  HIGHEST  QUALITY  MADE  FROM  IRON  ROLLED 
TO  SPECIFICATION  IN  OUR  OWN  MILLS 


PITTSBURGH  WOOD  PRESERVING  COMPANY 


Creosoted  Ties,  Bridge  Timbers,  Piling,  Poles,  Cross  Arms 


We  make  a  specialty  of  Creosoted  Wood  Blocks  for  shop  floors 

OFFICE:  2006  Commonwealth  Bldg.,  PITTSBURGH,  PA. 
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MACHINERY— SHOP  EQUIPMENT 


11  MORSE” 

Twist  Drills  and  Tools 


The  necessary  requirements 
of  high-class  tools  are  Speed, 
Exactness,  Quality,  Economy. 
All  are  combined  in 

“MORSE”  TOOLS 

For  nearly  Fifty  Years  they 
have  been  known  by  and  sold 
to  thousands  of  satisfied  users. 
They  are  up-to-date,  pro¬ 
gressive,  well-made,  accurate 
tools.  Carbon  and  High  Speed 
Steel. 

Twist  Drills,  Reamers,  Cutters 

Send  for  Illustrated  Catalogue 
Free  to  all  interested 


Morse  Twist  Drill  & 
Machine  Co. 

New  Bedford,  Mass.  U.S.A. 


COLD  TWISTED 
STEEL  BARS 

For  Concrete  Reinforcement 
Elastic  Limit  60,000  lbs. 

Require  20%  less  steel — economy. 
Large  increase  in  ter.sile  strength. 
Twisting  cold  removes  scale  of 
oxides  and  permits  closer  bond 
with  concrete.  Made  in  any  size 
you  need. 

Our  bars  are  warranted  to  bend 
around  a  diameter  THREE  times 
the  size  of  the  section. 

No  hot  finished  section  has  an 
elastic  limit  within  20%  as  great. 

Descriptive  circular  will  be  sent  you 

Jones  &  Laughlin  Steel  Co. 

American  Iron  &  Steel  Works, 
Pittsburgh 


WILE 


Electric  Furnaces 

Enable  you  to  get  the  proper 
distribution  of  your  alloy — 
they  save  time  and  guarantee 
the  mixture — they  do  away 
with  the  stocking  of  heats 
until  an  order  for  that  par¬ 
ticular  alloy  is  wanted.  If 
you’re  on  the  job — and  want 
the  best — you  should  write 
for  our  booklet — it  describes 
our  proposition  in  detail. 

WILE  ELECTRIC 
FURNACE  CO. 

Eighth  Floor,  Jenkins  Arcade 

PITTSBURGH 
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TELEPHONES: 


VT  ■  /C.  D.  T.  1353  Cot 

Main  Office  ,  p  &  A  2292  Mail 


Court 
Iain 

v<1„ia  1C.  D.  T.  3129  Cedar 
*aras  \  ”  790  Court 


STEAMERS 

M  A  RCA  RET  CH  A  RL<  )TTK 
REBECCA  HARRIET 


RODGERS  SAND  CO. 

Dealers  and  Shippers  of  all  kinds  of 

Sand  and  Gravel 

By  RIVER.  RAIL  OR  WAGON 

32 1  Water  Street  PITTSBURG,  PA. 


IRON  CITY  SAND  COMPANY 

Dealers  in  RIVER  SAND  AND  GRAVEL 

Office,  Room  709  Fulton  Bldg.,  corner  Sixth  Street  &  Duquesne  Way,  Pittsburgh,  Pa. 

Bell  Telephone  Grant  2017.  P.  &  A.  Telephone  Main  1598. 


“SALINA” 

“ETNA” 

“LYON” 

“YOUGH” 


ESTABLISH  ED  1&4-5 


PITTSBURGH.  PA. 


Manufacturers  of 
High  Grade 
FIRE  CLAY  and 
SILICA  BRICK 


Engineering-Contracting 

tells  how  all  classes  of  work  are  done  so  as  to  save  money  and 
make  money,  and  it  gives  itemized  prices  covering  every  detail 
of  the  construction.  These  are  taken  from  the  private  records 
of  men  having  charge  of  the  work  and  are  reliable  and  valuable. 

This  is  a 

Methods  and  Cost 

periodical  and  the  only  one  of  its  kind  in  the  world.  It  is  read 
regularly  (and  in  nearly  every  case  the  files  are  kept  for  per¬ 
manent  binding)  READ  BY  MORE  PERSONS  INTERESTED 
IN  ENGINEERING  CONSTRUCTION  THAN  ANY  OTHER 
SINGLE  PERIODICAL. 

Price,  $2  for  52  Issues 
Sample  Copies — FREE 

ENGINEERING-CONTRACTING 

355  DEARBORN  STREET,  CHICAGO 
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The  Reputation 


for  uniform  high  quality  held  by  Atlas  Portland 
Cement  is  not  easily  gained — nor  easily  main¬ 
tained.  It  is  maintained  tho* — an  asset  equally 
to  buyer  or  seller 


W  PORTLAND 

ATLAS 

'&CWIITV 


ALPHA 

1 *<  )  14 T LAND  C E M E N T 


The  Recognized  Standard  American  Brand. 
OnlyjOne  Grade  Manufactured. 

ANNUAL  OUT-PUT  7.0C0.0OO  BA»Rf  LS 


PiTTSBURGH  OFFICE. 

OLIVER  BUILDING 


GENERAL  OFFICE. 

EASTON,  PA. 


D.  J.  Kennedy  Company 

SOLE  DISTRIBUTERS 


LEHIGH  PORTLAND 
VICTORIA  KEEN’S 
CUMBERLAND 
POTOMAC 


ROMAN 
ASBESTIC 
w  \LL 
PLASTER 


Branch  Office- 
1501  Arrott  Building 


6366  Frankstown  Ave. 
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POWER  PLANT  EQUIPMENT 


CONTINUOUS 


BOILER 

FEED 

WATER 

Regulator 


MAINTAINS  HIGHEST  EFFICIENCY 

LESSENS  REPAIRS,  AND  WEAR  AND  TEAR  ON  BOILER. 

ELIMINATES  PILOT  VALVES.  EXHAUSTS,  DIAPHRAGMS,  FLOATS  AND  SPRINGS. 
COMPETITIVE  TEST  FOR  PROOF. 

WRITE  TODAY  FOR  CATALOGUE— NO  OBLIGATION,  OF  COURSE. 


STEAM  EQUIPMENT  MANUFACTURING  COMPANY 


PITTSBURGH,  RA. 


BELL 

COURT  1390 

JAS.  H. 

JOHNSTON 

6047  JENKINS  ARCADE  BUILDING 

PITTSBURGH,  PA. 

Lagonda  Tube  Cleaners 

Anderson  Steam  Traps 

Water  Strainers 

Perfection  Pump  Valves 

Automatic  Valves 

Power  Plant  Accessories 

GREEN  ENGINEERING  CO. 

EAST  CHICAGO,  IND. 

Green  Chain  Grate  Stokers 

GECO  Pneumatic  Ash  Handling  Systems 
GECO  Steam  Jet  Ash  Conveyors 

GECO  Pressure  Waterbacks 

Write  our  nearest  office  for  Bulletins 

NEW  YORK  PITTSBURGH  CHICAGO  ST.  LOUIS 
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Tests  on  a  Recent  Type  of  Chain  Grate  Stoker  and  New  Method  of  Baffling 
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Underfeeding— -The  Established 
Principle 

Power  plant  practice  has  established  that  under¬ 
feeding  is  THE  principle  for  scientific  steam 
production.  Add  to  the  underfeed  principle  two 
others,  (1)  Mechanical  control  of  air  and  coal 
feeding,  and  (2)  Automatic  gravity  cleaning 
and  you  have  it. 


The  Established 

Application — 

This  is  the  successful  established  application  of 
the  underfeed  principle,  which  realizes  you  all 
the  fundamental  as  well  as  the  attendant  advan¬ 
tages  to  the  full — overload  capacity,  flexibility, 
smokelessness,  labor  saving,  low  maintenance. 
Note  the  discussion  of  J.  A.  Hunter’s  paper  in  this 

Our  Pittsburgh  office  issue,  in  which  TAYLOR  preeminence  is  shown, 

win  be  glad  to  fur=  especially  as  respects  the  maintenance  of  high 
nish  full  details.  Com-  .  .,  r  1  1 

municate  with  us.  efficiencies  over  wide  ranges  ot  load. 

American  Engineering  Company 

Pittsburgh  Office:  Oliver  Building 


Damascus 
Bearings 


Where  careful  comparisons  of  competing  materials 
are  the  rule,  Damascus  Bearings  are  generally  found. 
Forty  years  experience  in  bearing  metals  alone  has 
enabled  Damascus  to  produce  the  proper  bearing  for 
practically  any  requirement. 

When  buying  bearings  for 

t  o  < — ' 


Mills  and  Railroads 


remember  that  your  measure  of  cost  is  not  the  price 
per  pound  originally  paid,  but  cents  per  unit  ot  work 
performed.  Damascus  alloys  reduce  your  true  costs 
because  in  them  nothing  is  spared  initially  to  make 
them  economical  finally. 

You  will  reduce  your  yearly  expense  by  putting 
Damascus  Bearings  in  your  equipment. 


Write  today 
regarding  your 
requirements  in 
bronze  and 
babbitt 


THE  PENN  COUPLER 


This  coupler,  which  is  a  combination  and  modification  of  the  Pitt  and 
Janney  X  Couplers  manufactured  by  us,  has  all  the  desirable  features 
of  those  couplers,  and  at  the  same  time  retains  the  simplicity  of  the 
early  types  of  the  Janney  Coupler. 

This  coupler  has  the  features  of  a  “Lock-Set,”  a  “ Lock-to-the-Lock ” 
and  a  “  Knuckle-Opener,  ”  and  complies  fully  with  all  the  requirements 
and  recommendations  of  the  M.  C.  B.  Association  and  the  Safety  Ap¬ 
pliance  Law. 

Lock-Set.  Lock  setting  is  accomplished  by  the  locking  block  when 
raised  to  the  uncoupling  position,  resting  on  a  seat  on  the  inside  wall 
of  the  coupler  head,  from  which  seat  it  is  dislodged  on  the  closing  move¬ 
ment  of  the  knuckle  in  the  act  of  coupling. 

Lock-to-the-Lock.  The  locking  pin  cannot  climb,  being  held  in  the 
locked  position  by  the  trigger,  a  projection  near  the  upper  end  of  which 
engages  the  under  side  of  the  top  wall  of  the  coupler  head,  thus  prevent¬ 
ing  accidental  uncoupling. 

Knuckle-Opener.  The  knuckle-opener  pushes  the  knuckle  open  to 
its  fullest  range  of  movement  from  a  fully  closed  position  or  from  any 
partially  open  position,  and  its  path  of  movement  is  such  as  to  insure 
easy  and  complete  opening  of  the  knuckle. 

Especial  attention  is  called  to  the  large  area  (practically  5  square  inches) 
of  the  locking  surface  on  the  locking  block  and  the  knuckle  in  this  coup¬ 
ler,  and  to  the  fact  that  no  portion  of  the  locking  block  extends  beyond 
the  bottom  wall  of  the  coupler. 

This  coupler  has  the  desirable  feature  of  easy  accessibility  of  parts,  thus 
facilitating  repairs. 

Manufactured  bv 

The  McCONWAY  ®.  TORLEY  CO. 


PITTSBURGH,  PA. 

MALLEABLE  IRON  AND  STEEL  CASTINGS 


